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DECLARATION

Site Name and L ocation

Nava Submarine Base, Bangor
Operable Unit 8

Silverdae, Washington
CERCLISID: WA5170027291

Statement of Basis and Pur pose

This decision document presents the Selected Remedy for Operable Unit 8 (OU 8) at the Naval
Submarine Base (SUBASE) Bangor, in Siiverdale, Washington. The sdected remedy was chosen in
accordance with the Comprehensive Environmental Response, Compensation and Liability Act
(CERCLA) of 1980, as amended by the Superfund Amendments and Reauthorization Act (SARA) of
1986, and, to the extent practicable, the Nationa Oil and Hazardous Substances Pollution Contingency
Plan (NCP). Thisdecison is based on the Administrative Record file for OU 8. OU 8 consgts of
contaminated groundwater on base that has migrated off base and residua contaminated soil from a
depth of 15 feet below ground surface (bgs) to the water table. The residua contaminated soils are
located on the base.

The United States Department of the Navy (Navy) isthe lead agency for OU 8. The United States
Environmenta Protection Agency (EPA) and the Washington State Department of Ecology (Ecology)
have participated in the Site investigations and in evauating dternatives for remedid action. Ecology and
EPA concur with the selected remedy.

Assessment of the Site

The response action selected in this Record of Decision (ROD) is necessary to protect the public hedth
or welfare or the environment from actual or threatened releases of hazardous substancesinto the
environment. Such arelease, or threet of release, may present an imminent and substantial
endangerment to public hedlth, welfare or the environment.

Description of the Selected Remedy

OU 8 addresses contaminated groundwater on base that has migrated from the Public Works Industrial
Area (PWIA) to an off-base residentia area known as Mountain View. The mgor components of the
selected remedy for OU 8 include the following:

. Monitor groundwater geochemical characteritics to confirm destruction of
contaminants through natura attenuation and biodegradation is occurring & arate
aufficient to meet remedid gods, and that conditions favorable to the destruction of
chemicals of concern through biodegradation and natura attenuation continue
throughout Ste-wide groundwater.
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. Ingtdlation of a free-product recovery system to remove light non-aqueous phase liquid
(LNAPL) that isfloating on the surface of the water table beneath the PWIA. The
LNAPL resulted from gasoline that had leaked from an underground (UST) storage
tank, aswell asfrom periodicdly overfilling the UST since it became operationd in the
mid 1940s.

. Continued management of inditutiona controlsin the form of groundweter use
redtrictions, prohibition on new well ingdlations, and the provison of an aternate water
supply to Mountain View resdents.

The LNAPL benesth the PWIA isthe“Principa Threaet Materid” a OU 8 as defined by NCP Section
300.430. In 1986, the Navy ingtalled a free product extraction system, which consisted of three
extraction wells. The system was shut down in 1998 when free product was no longer detected in the
extraction wells. However, LNAPL was 4till detected in severad monitoring wells located in the PWIA.
Under the selected remedy, a free-product recovery system will be installed to recover the remaining
LNAPL beneath the PWIA to the extent practicable.

The low-level threat waste at OU 8 is petroleum-contaminated soil in an eight-foot thick zone benesth
the PWIA from depth of 15 bgs to the water table. The soil contamination islimited to the vicinity of the
gasoline service gation in the PWIA. Because the water table is presently at a higtoricaly high leve
(approximatdy 22 feet bgs), most of the contaminated soil is below the water table. There are no
human health risks related to exposure to subsurface soil. Human hedlth risks associated with OU 8 are
related to ingestion of congtituents in the groundwater, and a source of those congtituentsis the LNAPL
on the water table and the resduas in soil that lie at depths greater than 15 ft bgs. The LNAPL found
a the gte presents a significant ongoing groundweter contamination source, while contributing to the
resdua soil contamination. A soil remova action to address contamination at these depths within the
confines of a heavily developed PWIA would be extremdy difficult, costly, and would not sgnificantly
minimize further groundwater contamination. Natural attenuation and biodegradation may be gpplicable
for the soil once the LNAPL has been removed to the extent practicable from the site. However, the
remedy will remain in place until groundwater meets cleanup gods, at which time the resdud soil
contamination will no longer represent a source or pose athreat to groundwater quality. Accordingly,
the resdual contaminantsin soil from a depth of 15 feet bgs to the water table do not need to be
actively addressed in this remedy. The status of the groundwater cleanup goas and resdud soil
contaminants will be evauated within the 5-year review process.

The volatile organic compound (VOC) contamination in OU 8 groundwater will be addressed by
monitored natura attenuation and other actions that may be implemented as part of the contingency
remedy provisonsin this ROD. Ingtitutiona controls will be used to ensure that no human exposure or
use of contaminated or potentialy contaminated groundwater occurs.

Statutory Deter minations

The Sdected Remedly is protective of human health and the environment, complies with Federd and
State requirements that are legaly applicable or relevant and gppropriate to the remedia action, and is
cod-effective. The remedy utilizes permanent solutions and aternative trestment
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technologies that permanently and sgnificantly reduce the toxicity, mohility, or volume of hazardous
substances, pollutants, or contaminants through trestment.

Because the selected remedy will result in hazardous substances, pollutants, or contaminants remaining
on-gte above levelsthat dlow for unlimited use and unrestricted exposure, a statutory review will be
conducted within five years after initiation of remedia action to ensure that the remedy continues to
provide adequate protection to human hedlth and the environment.

ROD Data Certification Checklist

Thefollowing information is included in the Decison Summary section of this ROD. Additiond
information can be found in the Adminidtrative Record for this Site.

. COCs and their respective concentrations (Sections 5-9 and 5-10, Tables5-4
through 5-8).

. Basdine risk represented by the COCs (Section 7, Tables 5-9 and 5-10).

. Cleanup levels established for COCs and the basis for these levels (Section 8.0,

Table 8-1).

. How source materials condtituting principd threats will be addressed (Section 9).

. Current and reasonably anticipated future land use assumptions and current and
potentiad future beneficia uses of groundwater used in the basdine risk assessment and
ROD (Section 6).

. Potentia land and groundwater use that will be available at OU 8 as aresult of the
Sdlected Remedy (Section 11.9).

. Estimated capital, annual operation and maintenance (O&M), and tota present worth

costs, discount rate, and the number of years over which the remedy cost estimates are
projected (Section 11.10, Tables 11-1 through 11-6).

. Decigve factor(s) that led to sdlecting the remedy (Section 11.6).
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Captain Davig“Thomas, Date
Commanding Officer,
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DECISION SUMMARY

The United States is required to comply with the provisions of the Comprehensive Environmenta
Response, Compensation and Liability Act (CERCLA) in the same manner and to the same extent asa
non-governmental entity. Pursuant to Executive Order 12580, the Department of the Navy isthe lead
agency under CERCLA for remedid action at SUBASE Bangor, afacility listed on the Nationd
PrioritiesList (NPL). Remedid action will be implemented pursuant to the Record of Decision (ROD)
for Operable Unit 8 to minimize the release or thregt of release of hazardous substances associated with
groundwater contamination. The remedia action will comply with federa and state applicable or
relevant and appropriate requirements (ARARS).

Projects\Federal\Dod\Navy\60857.12 SUBASEBangor\Final ROD

Vi



OU 8 Record of Decison, SUBASE Bangor Find

Contract No. N44255-94-D7309, Delivery Order 12 September 2000
TABLE OF CONTENTS

DECLARATION ittt ittt ettt e e e e e e e e e e e [
DECISION SUMM A RY oottt e e e e e e e e e e e e Vii
LISTOFTABLES .. o e e e e Xi
LISTOFFIGURES ... e e e e e Xii
LIST OF ACRONY M S .ottt e e e e e e e Xiii
1. SITENAME, LOCATION,ANDDESCRIPTION . ... ... 1-1
1.1 SITENAMEAND LOCATION ..t 1-1

1.2 SITEDESCRIPTION ... e e e 1-1

2. SITEHISTORY AND ENFORCEMENT ACTIVITIES ... ... 2-1
21 SITEHISTORY .. e e e e e e 2-1

211 Ste27—-SeamCleaningPit ......... ... .. .. .. . i 2-1

212 Site28—DrainageDitch ........ ... ... . 2-1

2.1.3 Site29—Public WorksMaintenanceGarage .. ............ccovvun... 2-2

2.1.4 VOC Contaminated Groundwater ..............ccciuiirnnnenen... 2-2

22 REGULATORY HISTORY ..t 2-2

3. COMMUNITY PARTICIPTION ... e e e e 3-1
4. SCOPEAND ROLEOF OPERABLEUNIT ... e 4-1
5. SITECHARACTERISTICS ... e e e e 5-1
51 PHYSIOGRAPHIC SETTING . ...t 5-1

5.2 ECOLOGICAL CONDITIONS ...t e e 5-1

53 REGIONAL GEOLOGY ...\ttt et 5-2

54 OU B GEOLOGY ..ttt ittt et e 5-2

55 SURFACEWATERHYDROLOGY ... ittt 5-3

56 GROUNDWATERHYDROLOGY ...\ttt 5-3

5.7 PREVIOUSREMOVAL AND REMEDIAL ACTIONS ..............cot... 5-4

571 OUBRemova ACtIONS ... ..ot e 5-4

5.7.2 Underground Storage Tanks Remova inPWIA ..................... 5-5

57.3 Product Recovery System .. ... . 5-7

574 SVE Sy .o 5-7

D7 SVE TeS ..ottt 5-8

5.7.6 Closureof Clear Creek Grocery UST .. ... 5-8

58 SAMPLING STRATEGY ..o e e 5-9

59 NATURE AND EXTENT OF CONTAMINATION .. ... 5-9

591 SubsurfaceSoil Samples . ... . 5-10

59.2 Groundwater Samples . . ... ... 5-11

5.9.3 Groundwater Seepand SedimentSamples ........................ 5-12

504 LNAPL . 5-12

5.9.5 Horizonta Extent of VOC in Groundwater . ....................... 5-13

59.6 Verticd Extent of VOC in Groundwater ........................ 5-13

510 CHEMICALSOF CONCERN . .. ... e 5-14

511 CONCEPTUAL SITEMODEL . . ...ttt 5-14

Projects/Federal/Dod/Navy/60857.12 SUBASE Bangor/Final ROD
Viii



OU 8 Record of Decison, SUBASE Bangor Find

Contract No. N44255-94-D7309, Delivery Order 12 September 2000
5.12 PRINCIPAL-THREAT AND LOW-LEVEL-THREATWASTES ............ 5-15
513 NATURAL ATTENUATION EVALUATION ....... ... 5-16
5131 Biodegradationat QU 8 . .. ... ...ttt 5-17
5132 PlumeStability . . ... 5-17
5133 RedOX Zonation . . ... oottt 5-18
5.13.4 Nutrientsand FOOd SOUrCES . . ... oot v i 5-20
5135 Daughter Product AnalysiS . .. ... .ot 5-21
5.13.6 Contaminant TransportModel . .......... .. ... .. .. .., 5-21
6. CURRENT AND POTENTIAL FUTURESITEAND RESOURCEUSES .............. 6-1
B.1 LAND USES ... e e e e e 6-1
6.2 GROUNDWATERUSES .. ... i e e 6-1
7. SUMMARY OF SITE RISKS . .. o e e 7-1
7.1 HUMAN HEALTHRISK ASSESSMENT . ... .. e 7-1
7.1.2 DataEvduation and ldentificationof COPCs . ...................... 7-2
703 TOXICIY ASSESIMENT . . . oottt et 7-2
714 EXPOSUrE ASSESSIMENT . . . ..ot 7-2
7.15 Rik Characterization . . ...t e e e 7-3
7.1.6 1995/96 Human Hedth Risk Assessment Conclusons ................ 7-4
7.1.7 1998/99 Human Hedth Risk Assessment Conclusons ................ 7-5
7.1.8 Uncertaintiesand Limitationsin Esimating HedthRisks. ... ............ 7-5
7.2 ECOLOGICAL RISK ASSESSMENT . ...ttt e e 7-6
8. REMEDIAL ACTION OBIECTIVES . . . oot e 8-1
8. SOOI . 8-2
8.2 GROUNDWATER ... e e e e e e e 8-3
8.3 PETROLEUM SOURCE CONTROL . ... ottt e 8-4
8.4 INSTITUTIONAL CONTROLS . ... e e 8-4
9. DESCRIPTION OF ALTERNATIVES . . .o e 9-1
9.1 ALTERNATIVE L NOACTION . ... e e 9-1
9.2 ALTERNATIVE 2. LTM+P&THSVEHIC ... ... 9-2
9.3 ALTERNATIVE 3 MNA+RM+IC . ... ... e 9-4
94 ALTERNATIVE 4 MNA+FPR+IC . ... . e 9-6
95 ALTERNATIVES: MNA+SVEHIC . ... o e 9-7
9.6 ALTERNATIVEG: LTM+FPR+SVEHIC . .. ... ... 9-9
10. SUMMARY OF COMPARATIVE ANALYSISOFALTERNATIVES .............. 10-1
10.1 OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT
............................................................... 10-2
10.2 COMPLIANCEWITH ARARS . . . ot 10-3
10.3 LONG-TERM EFFECTIVENESSAND PERMANENCE ................. 10-4
10.4 REDUCTION OF TOXICITY, MOBILITY, OR VOLUME THROUGH
TREATMENT . .. e e e e e 10-5
105 SHORT-TERM EFFECTIVENESS . . .. ... . e 10-5
10.6 IMPLEMENTABILITY ..o e e e 10-6
10.7 COST i 10-7
10.8 STATE/SUPPORT AGENCY ACCEPTANCE. . ......... .. i 10-8
10.9 COMMUNITY ACCEPTANCE . ... .o e 10-8

Projects/Federal/Dod/Navy/60857.12 SUBASE Bangor/Final ROD



OU 8 Record of Decison, SUBASE Bangor Find

Contract No. N44255-94-D7309, Delivery Order 12 September 2000
11. SELECTED REMEDY . .ottt it ettt et e e et ettt et 11-1
110 SOOIl et 11-1
11.2 GROUNDWATER .. e e e 11-2
11.2.1 Off-Base Groundwater Monitoring ... ............c.covvienen.... 11-4
11.2.2 On-Base Groundwater Monitoring ... .........oouiieninenan ... 11-4
11.3 PETROLEUM SOURCE CONTROL . ... .t e 11-4
11.4 INSTITUTIONAL CONTROLSFOROU 8.... ...t n 11-4
11.4.1 Fortheoff-baseportionof OU8 ............ ... .. ...civu.... 11-5
11.4.2 Fortheon-baseportionof OU8 ........ .. ..., 11-5
115 CONTINGENCY REMEDY . ... e 11-6
11.6 SUMMARY OF RATIONALE FOR THE SELECTED REMEDY ........... 11-7
11.7 INSTITUTIONAL CONTROLS FOR OTHER OPERABLE UNITSAT SUBASE
BANGOR . .. 11-8
1171 OPERABLEUNIT 1. .. e 11-8
1172 OPERABLEUNIT 2. . .o 11-9
11.7.3 OPERABLEUNIT 3. ..o 11-10
1174 OPERABLEUNIT 6. . ..ot 11-11
1175 OPERABLEUNIT 7 . ..o 11-12
11.8 IMPLEMENTATION OF INSTITUTIONAL CONTROLS ............... 11-13
11.9 EXPECTED OUTCOMES OF THE SELECTED REMEDY ............... 11-15
11.10 SUMMARY OF THE ESTIMATED REMEDY COSTS ................. 11-16
12. STATUTORY DETERMINATIONS. . ..o e 12-1
12.1 PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT ........ 12-1
12.2 COMPLIANCEWITH ARARS . . . ot e 12-1
12.3 COST-EFFECTIVENESS . . . .. e 12-2

12.4 UTILIZATION OF PERMANENT SOLUTIONS AND ALTERNATIVE
TREATMENT (OR RESOURCE RECOVERY) TECHNOLOGIES TO THE

MAXIMUM EXTENT PRACTICABLE . .. ... . s 12-3

125 PREFERENCE FOR TREATMENT ASA PRINCIPAL ELEMENT ......... 12-3

126 FIVE-YEARREVIEW REQUIREMENTS ....... .. ... .. 12-4
13. DOCUMENTATION OF SIGNIFICANT CHANGES . .. . ... ..o o 13-1
14. RESPONSIVENESS SUMMARY ..o e e e 14-1
15. REFERENCES ... e 15-1
APPENDIX A: Public Announcement of the OU 8 Proposed Plan and Public Comment

Period

APPENDIX B: Exposure Point Concentrations of COPCs 1995/96 Risk Assessment
APPENDIX C: Exposure Point Concentrations of COPCs 1998/99 Risk Assessment
APPENDIX D: Derivation of Cleanup Levesfor Chemicas of Concern in Groundwater

Projects/Federal/Dod/Navy/60857.12 SUBASE Bangor/Final ROD
X



OU 8 Record of Decision, SUBASE Bangor

Contract No. N44255-94-D7309, Delivery Order 12

Table 5-1.
Table 5-2.
Table 5-3.
Table 5-4.
Table 5-5.
Table 5-6.
Table 5-7.

Table 5-8.
Table 5-9.

Table 5-10.

Table5-11
Table 7-1.
Table 7-2.
Table 7-3.
Table 8-1.

Table 10-1.
Table 11-1.
Table 11-2.
Table 11-3.
Table 11-4.
Table 11-5.
Table 11-6.

LIST OF TABLES

(Tables are presented at the end of the Decison Summary.)

Geologic and Hydrogeologic Units of Kitsgp County, Washington.

Physica Properties of the Shdlow Aquifer.

OU 8 Sampling Retionde by Loceation.

VOC and SVOC Detections in Subsurface Soil Samples and Screening Levels.
VOC Detectionsin Groundwater Samples and Screening Levels.

SVOC Detections in Groundwater Samples and Screening Levels.

VOC and SVOC Detectionsin Groundwater Seep and Sediment Samples and
Screening Levels.

Chemicals of Concernin OU 8 Groundwater and Chemica-Specific ARARS.
Chemica Specific Risk Summary by Exposure Pathway and Receptor at OU 8
(Origind Risk Assessment).

Chemica Specific Risk Summary for Future Off-Base Residents by Exposure
Pathway at OU 8 (1998/99 Risk Assessment).

MT3D Groundwater Moddl Intake Parameters

Chronic Toxicity Vaues for Noncarcinogenic Chemicas of Concern.

Toxicity Vauesfor Carcinogenic Chemicas of Concern.

Potentially Complete Exposure Pathways for Potentia Receptors a OU 8.
Cleanup Levesfor Chemicas of Concern in Groundwater, SUBASE Bangor.
Summary of Present Vaue Cods for Remedid Alternatives.

Edtimated Cost for Ingtitutional Control (1C).

Present Worth Andlysis for Ingtitutional Contral (1C).

Estimated Cogt for Monitored Natural Attenuation (MNA).

Present Worth Analysis for Monitored Natura Attenuation (MNA).

Estimated Cost for Free-Product Recovery (FPR).

Present Worth Analysis for Free-Product Recovery (FPR).

Projects/Federal/Dod/Navy/60857.12 SUBASE Bangor/Final ROD

Xi

September 2000



OU 8 Record of Decision, SUBASE Bangor
Contract No. N44255-94-D7309, Delivery Order 12

Find
September 2000

Figure 1-1.
Figure 1-2.
Figure 5-1.
Figure 5-2.
Figure 5-3.
Figure 5-4.
Figure 5-5.
Figure 5-6.
Figure 5-7.

Figure 5-8.
Figure 5-9.

Figure 5-10.
Figure 5-11.
Figure 5-12.
Figure 5-13.
Figure 5-14.
Figure 5-15.
Figure 5-16.
Figure 5-17.
Figure 5-18.
Figure 5-19.
Figure 5-20.
Figure 5-21.
Figure 5-22.
Figure 5-23.
Figure 5-24.
Figure 5-25.

Figure 5-26
Figure 5-27
Figure 5-28
Figure 7-1.

Figure 10-1.

Figure 11-1

LIST OF FIGURES

(Figuresare presented at the end of the Decision Summary)

SUBASE Bangor General Location Map.

SUBASE Bangor OU 8.

SUBASE Bangor Physiography and Surface Water Hydrology.
Generdized Geologic Cross-Section through SUBASE Bangor.
SUBASE Bangor OU 8 Geologic Cross-Section.

Generd Layout of the Existing Pump and Treat (P& T) System.
Process How Diagram of the Existing Pump and Treet (P& T) System.
Abandoned and Existing Underground Storage Tanksin the PWIA.
Approximate Location of Existing Free-Product Recovery (FPR) and Soil V apor
Extraction (SVE) Systems.

Previous Subsurface Sampling Locationsin the PWIA.

Process and Instrumentation Diagram of the Exigting Soil Vapor Extraction (SVE)
Systems.

Clear Creek Grocery Underground Storage Tank Investigation.
Sampling Locationsin the PWIA.

Sampling Locations East of Clear Creek Road.

Wl Locationsin OU 8 Study Area.

Extent and Estimated Quantity of LNAPL beneeth the PWIA.
Concentration Contours of Benzene in Groundwater, in 1995.
Concentration Contours of Benzene in Groundwater, in 1996.
Concentration Contours of Benzene in Groundwater, in 1997.
Concentration Contours of Benzene in Groundwater, in 1998.
Concentration Contours of DCA in Groundwater, in 1995.
Concentration Contours of DCA in Groundwater, in 1996.
Concentration Contours of DCA in Groundwater, in 1997.
Concentration Contours of DCA in Groundwater, in 1998.

Geologic Cross-Section Showing Benzene Concentrations, in 1996.
Geologic Cross-Section Showing DCA Concentrations, in 1998.

Conceptua Site Model (CSM) for OU 8.
Natura Attenuation Study Sampling Locations at SUBASE Bangor OU 8.

Concentrations of Natural Attenuation Parameters Along Flow Peth — Phase 1.
TCA:DCA Raiosin Shdlow Wells, SUBASE Bangor OU 8.

Conceptua Ecologica Exposure Model for OU 8.

Screening Criteriaand EPA’s Nine Evauation Goa's

Off-Base Properties Affected by Water Use Agreements

Projects/Federal/Dod/Navy/60857.12 SUBASE Bangor/Final ROD

Xii



OU 8 Record of Decision, SUBASE Bangor

Contract No. N44255-94-D7309, Delivery Order 12

AE
ARAR
AWQG
bgs
BTEX
CAA
CDI
CERCLA
CLARCII
CcoC
COPC
DCA
DCE
EA
Ecology
EFANW
EPA
ESD
FFA
FPR

FS

ft

gpm
GPR
GRA
GSA
HEAST
HHRA
HI

HQ
IAS

IC
ICMP
IRIS

kg

L
LNAPL
LT™M
MCL
MCLG

mg
Mn

LIST OF ACRONYMS

Average Exposure

Applicable or Relevant and Appropriate Requirement
Ambient Water Quality God

below ground surface

Benzene, Toluene, Ethylbenzene, & Xylenes
Clean Air Act

Chronic Daily Intake

Comprehensive Environmental Response, Compensation and Liability Act
Cleanup Leves and Risk Cdlculation Update (under MTCA)
Chemical of Concern

Chemical of Potentid Concern
1,2-Dichloroethane

1,1-Dichloroethene

EA Engineering, Science, and Technology
State of Washington Department of Ecology
Engineering Feld Activity Northwest

United States Environmentd Protection Agency
Explanation of Significant Differences
Federd Facilities Agreement

Free-Product Recovery

Feasibility Study

foot or feet

gdlons per minute

Ground Penetrating Radar

Generd Response Action

Generd Services Adminigration

Hedth Effects Assessment Summary Tables
Human Hedth Risk Assessment

Hazard Index

Hazard Quotient

Initia Assessment Study

Ingtitutional Control

Indtitutiond Controls Management Plan
Integrated Risk Information System
kilogram

liter

Light Non-Aqueous Phase Liquid

Long Tenn Monitoring

Maximum Contaminant Level

Maximum Contaminant Level Godl

milligram

manganese

Projects/Federal/Dod/Navy/60857.12 SUBASE Bangor/Final ROD

Xiii

September 2000



OU 8 Record of Decison, SUBASE Bangor Find
Contract No. N44255-94-D7309, Delivery Order 12 September 2000

MNA

MTCA

Fg
NACIP

NPL
NCP
o&M
ou
P&T
PAH
PCB
PQL
PRG
PSCAA
PWIA
Qva
Qut
RAB
RACER
RAG
RAO
RBC
RBSC
RCRA
RFD

RI
RI/FS
RM
ROD
SARA
SDWA
SEPA
SF
SMCL
SUBASE
SVE
SvOoC
SWFPAC
TCA

LIST OF ACRONYM S (Continued)

Monitored Natural Attenuation

mean sea leve

Model Toxics Control Act (WAC 173-340)
microgram

Navy Assessment and Control of Ingtallation Pollutants
United States Department of the Navy

Nationa PrioritiesList

Nationd Oil and Hazardous Substances Pollution Contingency Plan
Operation and Maintenance

Operable Unit

Pump and Treat

Polycyclic Aromatic Hydrocarbon

Polychlorinated Riphenyl’s

Practicd Quantification Limit

Prdiminary Remediation God

Puget Sound Clean Air Agency

Public Works Industrid Area

Vashon Advance Outwash

Vashon Till

Restoration Advisory Board

Remedia Action Cost Engineering and Requirements
Risk Assessment Guidance

Remedia Action Objective
Risk-Based Concentration

Risk-Based Screening Concentration
Resource Conservation and Recovery Act
Reference Dose

Remedid Invedtigation

Remedid Investigation/Feasibility Study
Redox Manipulation

Record of Decison

Superfund Amendments and Reauthorization Act of 1986
Safe Drinking Water Act

State Environmenta Policy Act
Carcinogenic Sope Factor

Secondary Maximum Contaminant Level
Nava Submarine Base

Soil Vapor Extraction

Semivoldile Organic Compound

Strategic Weapons Facility, Pecific
1,1,1-Trichloroethane

Projects/Federal/Dod/Navy/60857.12 SUBA SE Bangor/Final ROD

Xiv



OU 8 Record of Decison, SUBASE Bangor Find

Contract No. N44255-94-D7309, Delivery Order 12 September 2000
LIST OF ACRONYMS (Continued)

TCE 1,1,1-Trichloroethene

TCLP Toxicity Characteristic Leaching Procedure

TOC Tota Organic Carbon

TPH Tota Petroleum Hydrocarbons

TPH-G Totd Petroleum Hydrocarbon as Gasoline

USsT Underground Storage Tank

VOC Volatile Organic Compound

WAC Washington Adminigirative Code

Projects/Federal/Dod/Navy/60857.12 SUBA SE Bangor/Final ROD
XV



Responsiveness
Summary



OU 8 Record of Decison, SUBASE Bangor Find
Contract No. N44255-94-D7309, Delivery Order 12 September 2000

1. SSTENAME, LOCATION, AND DESCRIPTION
11 SIS TE NAME AND LOCATION

The Naval Submarine Base (SUBASE) Bangor islocated on Hood Cand in Kitsap County,
Washington (Figure 1-1). It is gpproximately 1.5 mileswest of the City of Poulsbo. Land surrounding
SUBASE Bangor is generdly undeveloped or supports limited resdential uses.

OU 8 consgts of gpproximately 150 acres of land and is located in the southeastern corner of

SUBA SE Bangor. It encompasses the Public Works Industrial Area (PWIA) and off-base resdentia
community dong Mountain View Road between Clear Creek Road and the SUBASE Bangor
boundary (Figure 1-2).

1.2 SITE DESCRIPTION

SUBASE Bangor is gpproximately 7,200 acresin Sze and islocated in Siverdae, Washington. It was
first established in 1944 as the U.S. Naval Magazine Facility to provide a degp-water shipment facility
for ordnance. The base became the primary command for ammunition activitiesin the Puget Sound
region by 1948, with amission of transshipment and supply of fleet ordnance, and demilitarization of
unservicegble and dangerous ammunition.

The Polaris Missile Facility was added to ordnance operations in 1963. Ordnance operations and
demilitarization activities reached a peak between 1966 and 1970 in support of the Vietham War. In
1970, ship-loading operations were transferred to the Nava Wegpons Station, Concord (California),
and Bangor was linked with the Nava Torpedo Station, Keyport. Demilitarization activities continued
on alimited basis until 1978.

In the early 1970s, many new building facilities were constructed, and older ones demolished in
preparation as a submarine base. SUBASE Bangor has served as a homeport for the TRIDENT
Submarine Launched Bdligtic Missile System since 1977. The current mission of the baseisto provide
adminigrative and personne support for submarine force operations, and to provide logistical support
for other Navy activities.

On 22 July 1987, aportion of SUBASE Bangor (Site A) was added to the United States
Environmental Protection Agency’s (EPA) Nationd Priorities List (NPL) of hazardous waste Sites. On
30 August 1990, the remainder of the SUBASE Bangor facility was listed on the NPL.

On 29 January 1990, the United States Department of the Navy (Navy), EPA, and the Washington
State Department of Ecology (Ecology) entered into a Federd Facilities Agreement (FFA) for the
study and cleanup of possible contamination on the SUBASE Bangor property. The potentialy
contaminated Stes at SUBASE Bangor were grouped into seven operable units (OUs) based on
geographic location, suspected contamination or other factors (Figure 1-1). A separate study was
conducted for each OU to determine appropriate cleanup actions. The eighth
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operable unit, OU 8, was later added to the FFA in 1994. This Record of Decison (ROD) presents
the selected remedy for OU 8.

OU 8 is comprised of the following known or suspected former waste Sites:

. Site 27 Steam Cleaning Pit
. Site 28 Paint Shop Drainage Ditch
. Site 29 Public Works Maintenance Garage

Sites 27, 28, and 29 are located within the PWIA and were also studied during remedid investigations
of OU 7. As shown on Figure 1-2, Sites 10, 18, and 25 are aso located within the PWIA; however,
these Steswere investigated under different OUs. Sites 10 and 18 were investigated under OU 7, and
Site 25 was investigated under OU 3.

OU 8 dso encompasses a plume of groundwater contamination that emanates from the PWIA and
extends in a southeast direction toward the Mountain View residentia neighborhood. There are no
known flood plains, endangered species, historica landmarks, or structures with historical significance
identified & OU 8.

Projects\Federal\Dod\Navy\60857.12 SUBA SE Bangor\Final ROD
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2. STEHISTORY AND ENFORCEMENT ACTIVITIES
This section provides background information on:

. past activities that have led to the current contamination,

. environmenta investigations conducted under the Comprehensive Environmental
Response Compensation and Liability Act (CERCLA), and

. history of CERCLA enforcement activities.

2.1 SITEHISTORY

OU 8 iscomprised of Sites 27, 28, 29, and contaminated groundwater that has migrated off base. Sites
27, 28, and 29 are located within the PWIA. The PWIA is, gpproximately, bounded to the north, east
and south by Sculpin Circle, and to the west by Scorpion Avenue. This area has been extensively
developed since SUBA SE Bangor was commissioned in 1944. Prior to 1973, most of the land surfaces
in the PWIA were soil covered, but have since been paved. The off-base portions of OU 8 include
agricultural lands and low-dengity resdentid aress referred to herein asthe Mountain View resdentia
neighborhood.

2.1.1 Site 27 — Steam Cleaning Pit

Site 27 islocated between Buildings 1203 and 1014, and is the location of aformer stearn cleaning pit
(Figure 1-2). The pit conssted of an excavated sump filled with gravel that was used to collect and
dispose of stearn cleaning condensate generated from locomotive maintenance in Building 1014. When
the pit was full, the grease and residue was hauled away to an unknown location for digposd. Although
there are differing accounts as to the exact location and depth of the pit, historical records and
interviews with SUBASE Bangor personnd indicate that the pit dso may have been used for the
disposd of spent solvents, waste oils, and pesticides. The pit was filled and paved over during the
congtruction of the new SUBASE Bangor facilitiesin the late 1970s.

2.1.2 Site 28 —Paint Shop Drainage Ditch

Site 28 islocated at the former paint shop (Building 1032) that was used by public works personnel to
mix and apply paint. Building 1032 was supposedly located between existing buildings 1016 and 1204;
however, itslocation is not identified on historical base maps and it may not have existed at dl (Figure
1-2). Waste materids from the paint shop were reportedly disposed of in a ditch adjacent to the
building, the exact location of which is not known. Building 1032 was demolished (date unknown), and
the underlying soils were extensvely reworked during the congtruction and ingtalation of underground
tanks/pipes for the gas sation at Building 1204.

Spray painting was aso performed by Public Works personne in former Building 17 (also referred to
a5 10 17), located at the current position of Building 1204 (Figure 1-2). Building 17 is
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identified on historica maps of the PWIA (Figure 1-2). Paint wastewater and dudge from Building 17
were reportedly either discarded as common trash, or dumped behind the building until about 1970.
Currently, it isunclear asto whether painting and related disposd activities occurred at both former
building locations (i.e., 1032 and 17), or just a Building 17. Since Building 1032 does not gppear on
historical maps, it is assumed that former Building 17 was the location of the paint shop.

2.1.3 Site 29 — Public Works Maintenance Garage

Ste 29 islocated immediately adjacent to the west and southwest portions of Building 1021 (Figure
1-2). Thisareawas higtoricaly used to rinse neutraized pesticide containers near the steam cleaning
racks on the west side of Building 1021. In addition, trucks and other vehicles were routingly serviced
inthisarea

2.1.4 Volatile Organic Compounds (VOCs) Contaminated Groundwater

The groundwater investigation at OU 8 was initiated in February 1994 when the Kitsgp County Hedth
Didtrict notified the Navy that VVOCs were detected in awater supply well located in the Mountain
View resdentid neighborhood. Thiswell (PW01) was anewly instaled well located near the western
end of Mountain View Road agpproximately 150 feet south of the base boundary (Figure 1-2). In
March 1994, groundwater samples were collected from PWO1 and seven other private wells along
Mountain View Road. Analytica resultsindicated low concentrations of VOCsin groundweter from
PWO0L1; however, no VOCs were detected in the other active drinking water well samples.

In response to the discovery of VOCs, the Navy organized ateam of local, state, and federa hedth
and environmentd officids to evauate the extent of VOC contaminated groundwater, and to determine
potential source areas. The Navy has conducted two voluntary time-critical remova actions. In 1995,
the Navy connected the Mountain View neighborhood to a municipa water supply to minimize human
expaosure to contaminated groundwater. And in 1996, the Navy ingtdled a containment system to
minimize off-base groundwater plume migration.

2.2 REGULATORY HISTORY

The Navy initiated environmentd investigations at SUBASE Bangor in 1980 through the Navy
Assessment and Control of Ingtdlation Pollutants (NACIP) program. As part of the NACIP program,
an Initia Assessment Study (IAS) was conducted at SUBASE Bangor and other nava facilities
throughout the Puget Sound region. The purpose of the IAS was to identify and assess environmentd
contamination resulting from past hazardous materias storage, transfer, processing, and disposd
operations. A tota of 29 potentidly contaminated Sites were identified at SUBASE Bangor. The IAS
recommended that ten Sites be further investigated. None of the ten Sites were located within OU 8.

On August 30, 1990, SUBASE Bangor was listed on the EPA’s Nationd Priorities List. Previoudy, in
July 1987, a 6-acre hazardous waste site on the base known as Site A was placed
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on the NPL under the name “Bangor Ordnance Disposd.” That steisincluded under the basewide
listing of 1990. On January 29, 1990, the Navy, EPA, and Ecology entered into a Federd Facilities
Agreement. The agreement establishes a procedura framework and schedule for devel oping,
implementing, and monitoring appropriate response actions for SUBASE Bangor in accordance with
CERCLA, as amended by the Superfund Amendments and Reauthorization Act (SARA), and the
Nationd Oil and Hazardous Substances Pollution Contingency Plan (NCP). It dso set out the oversight
procedures for EPA and Ecology to ensure that the Navy isin compliance with applicable or revant
and appropriate requirements (ARARS). In 1990, the FFA identified seven OUs.

Listing on the NPL and execution of the FFA requires the Navy to perform aremedia
investigation/feasibility study (RI/FS) to investigate the seven OUs. OU 8 was added to the FFA on
September 15, 1994. During 1995 through 1996, an extensive remedid investigation field program was
conducted to characterize conditions a OU 8. The program included sampling and analys's of
subsurface soil, soil vapor, sediment, and groundwater.

Projects\Federal\Dod\Navy\60857.12 SUBA SE Bangor\Final ROD
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3. COMMUNITY PARTICIPATION

This section summarizes the community relations activities performed by the Navy during the RI/FS for
OU 8 during the period of June 1996 through June 2000, when the public comment period ended on
the Proposed Plan for this selected remedly.

A SUBASE Bangor Community Relations Plan for the remedid activity on the base was prepared and
isavalablefor review at the information repostories. Community relations activities have established
communication among citizens living near OU 8, the Navy, EPA, and Ecology. Actions taken to satisfy
the requirements of federa law are listed below.

. Regtoration Advisory Board (RAB) was formed in December 1995.

. RAB mestings were held twice amonth in 1995 and 1996, and (with some exceptions)
every third Monday of each month from 1997 to present.

. The Remedid Investigation (RI) and the Feasbility Study (FS) reports were findized
and made available to the public in December 1999 and April 2000, respectively.

. Notice of availability of the Proposed Plan for Ste cleanup, notice of public meeting on
the Proposed Plan, and announcement of the public comment period were published in
the Bremerton Sun Newspaper on May 7, 2000. The announcement is attached as
Appendix A.

. The Proposed Plan was mailed to al known interested parties on May 9, 2000.
. A public comment period was held from May 12, 2000 through June 13, 2000.

. A public meeting was held on May 16, 2000 to present the Proposed Planto a
broader community audience than those that had dready been involved through the
RAB. At the meeting, representatives from the Navy and Ecology answered questions
about OU 8 and the remedid dternatives under consderation. The Navy aso used this
mesting to solicit awider cross-section of community input on the reasonably
anticipated future land use and potentia beneficia groundwater used.

. The Navy’ s response to the forma comments received during the public comment
period isincluded in Section 14: Responsiveness Summary.

In generd, public comments were favorable to the Proposed Plan regarding OU 8. This decision
document presents the selected remedid action for OU 8 of SUBASE Bangor in Silverdde,
Washington. The decision is based upon evidence in the adminisrative record and was chosen in
accordance with the Washington State Model Toxics Control Act (MTCA); CERCLA, as
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amended by SARA; and to the extent practicable, the National Contingency Plan (NCP), and complies
with gpplicable or relevant and appropriate federd, state, and local laws and regulations.

The Adminidrative Record is on file at the following location:

Engineering Feld Activity Northwest (EFANW)
Navd Fadilities Engineering Command

19917 Seventh Avenue NE

Poulsbo, Washington 98370

(360) 396-0243

Point of Contact: Ms. Julie Werder

The Information Repositories are in the following locations:

Centrd Kitsap Regiond Library SUBASE Bangor Branch Library
1301 Sylvan Way Nava Submarine Base Bangor
Bremerton, Washington 98310 (Base accessis required)

(360) 377-7601

Kitsap Public Utility Didrict
1931 Finn Hill Road
Poulshbo, Washington 98370
(360) 895-5777
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4. SCOPE AND ROLE OF OPERABLE UNIT

The steslisted in the SUBASE Bangor FFA were organized into seven operable units based on
geographic location, suspected contamination, or other factors. The locations of the operable units are
depicted in Figure 1-1. The last operable unit, OU 8, was added to the FFA in 1994. A separate study
was conducted for each operable unit to determine appropriate cleanup actions. This ROD addresses
OU 8 and represents the final remedia action decision document for SUBASE Bangor. RODs have
been sgned for the following operable units:

ROD Date Signed
Ou1l December 1991
Ou 2 September 1994
ou 3 April 1994

ou 4 Jduly 1994

Ou5 September 1993
OuU 6 September 994
ou 7 April 1996

Ingestion of water extracted from the Shalow Aquifer & OU 8 poses a current and potentid future risk
to human hedlth because EPA’ s acceptable risk range is exceeded, and concentration of contaminants
are gregter than the maximum contaminant levels (MCL) for drinking water as specified in the Safe
Drinking Water Act (SDWA).

OU 8 includes contaminated groundwater on base that migrates off base from the PWIA and extends
in a southeastern direction toward the Mountain View resdential neighborhood, and contaminated ol
that extends from a depth of 15 feet bgs to the water table. The contaminated soil islimited to the
centrd portion of the PWIA, beneath the gasoline service gation. OU 8 presents the find response
action for SUBASE Bangor and addresses the principd threat at OU 8 through the remova and
treatment of the light non-aqueous phase liquid (LNAPL) source materid beneath the PWIA.

The downgradient edge of the groundwater contamination plume is located just south of Mountain
View Road and is gpproximately 500 by 2,000 feet in Sze. The extent of groundwater contamination
plume has not increased since 1995. The contamination has extended downward in the downgradient
direction a a maximum depth of gpproximately 100 feet below ground surface (bgs). The horizontd
extent of the contamination plume isidentified by 1,2-dichloroethane (DCA) and benzene, which are
the chemicals of concern (COCs) that pose the mgjority of risk at OU 8. The other COCs contributing
to human hedlth risk in groundwater, 1,2-dibromoethane (EDB), 1,1 dichloroethene (DCE), and
toluene are aso being addressed by this remedy. The target compound DCA is the most recdcitrant;
therefore, its decay rate is the time-limiting factor for remediation.

Within and around the PWIA, avariety of soil remova and remedia actions were conducted, many of
which were performed under the SUBASE Bangor underground storage tank (UST)
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program. In December 1999, confirmatory soil samples were collected beneath the PWIA to a depth
of 15 feet bgs. The resultsindicate that the soil has been remediated to meet Ecology’ s cleanup levels.
In February 2000, Ecology notified SUBASE Bangor that no further action is necessary to clean up the
soil beneath the PWIA to a depth of 15 feet bgs. On March 28, 2000 the SVE system was shut down
and put into standby mode. However, the resdua contaminated soil from 15 feet bgs to the water table
cannot be properly characterized and remedia aternatives cannot be fully evauated. LNAPL
represents an ongoing source contributing to the resdud soil contamination. Natura attenuation and
biodegradation, once the LNAPL has been removed to the extent practicable, may indirectly address
the cleanup of resdua contaminated soil.

Two remova actions were initiated by the Navy at OU 8 to prevent human exposureto VOCsin
groundwater following the discovery of VOCs in an off-base water supply well. In 1995, the first
time-critical remova action was initiated to supply Mountain View residents with an dternative drinking
water supply. In 1997, the Navy initiated the second removal action to prevent further off-base
migration of VOC contaminated groundwater. To accomplish this, the Navy operated and maintained a
groundwater containment system from May 1997 through December 1999. The system pumped
contaminated groundwater from the aguifer using two extraction wells located dong the base boundary.
The extracted groundwater was sent to an air stripper tower where VOCs were removed from
groundwater. The treated water was reintroduced to the aguifer through two reintroduction wells.

As part of the OU 8 remedia investigation/feasibility study (RI/FS), computer models were devel oped
to evaluate the ability of the containment system to minimize groundweater contamingtion from migrating
off base and to evaluate the rate of natura attenuation processes to achieve the cleanup goals. The
results from the mode indicate that the containment system did not significantly remove VOCs from
groundwater as compared to VOCs removed by natural attenuation and biodegradation processes.
The moddl, based upon 1998 data, predicted the future benzene and DCA concentrationsin the
off-base portion of OU 8 will meet drinking water standards within 10 years, or by 2008. In addition,
the rise in the water table in the vicinity of the reintroduction well (R2) has limited infiltration capacity of
thiswell, thereby reducing the operationd efficiency of the groundwater containment system. Asa
result, the containment system was shut down in December 1999.

Through the final remedy for OU 8, monitored natura attenuation will be used to evauate the
degradation of COCsin groundwater; free-product recovery will be used to address the principal
threat, LNAPL; and ingtitutional controls will be used to preclude human exposure to or use of
contaminated groundwater until cleanup gods are achieved. Monitored natura attenuation includes,
biodegradation sorption, digperson, dilution volatilization and the chemica or biologica stabilization or
destruction of contaminants.
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5. SSTE CHARACTERISTICS

This section presents a comprehensive overview of the Ste including surface and subsurface
hydrogeologic settings and previous remova actions at OU 8.

5.1 PHYSIOGRAPHIC SETTING

SUBASE Bangor is located in the west-centra portion of the Kitsap Peninsula, approximately 1.5
miles west of Poulsbo, Washington. The base covers over 7,000 acres, with approximately 4.53 miles
of shordline on the east Sde of Hood Cand. This portion of Kitsgp County lies within a physiographic
area designated the Western Upland Plateau.

SUBASE Bangor can be divided into three physiographic areas: the upland plateau of the northern and
eastem parts of the base, the remnant glacid till plain to the southwest, and the estuarine and marine
environments of Hood Cand. The upland plateau consists of flat topped ridges ranging from 300 to 500
feet in devation. The western margin of these ridges is cut by post-glacia ravines which discharge to
Hood Cand (Figure 5-1). The southern end of the base consists of aglacid till plain characterized by
severd north-south trending drumlins. Most of this area, including al of OU 8, is drained by Clear
Creek, which flows south to Dyes Inlet and eventudly to Puget Sound. The marine and estuarine
environment includes severd freshwater wetlands adjacent to the tidal shores of Hood Canal. Most of
these wetland areas are fed by groundwater springs that discharge at about the 225 feet level dong the
westem margin of SUBASE Bangor.

5.2 ECOLOGICAL CONDITIONS

SUBASE Bangor is hogt to three mgjor ecosystemsincluding mixed evergreen forests, freshwater
wetlands, and tidal shores. Mogt of the developed land is concentrated in the southern half of the base,
which includes shopping, restaurant and housing facilities, and the PWIA. The Strategic Wegpons
Facility, Pacific (SWFPAC) occupies much of the central portion of the base, while waterfront facilities
are digtributed along the entire shoreline area. The northern section of the base is densdly forested, and
mostly undevel oped.

The wooded areas at SUBASE Bangor are typica of second growth forestsin the region, and are
dominated by Douglas fir, western hemlock, and western red cedar, with red ader being the most
common deciduous tree species.

SUBASE Bangor contains four sgnificant freshwater wetland areas: Wilkes Marsh, located in the
northeast comer of the base, isanaturd feature; and Devils Hole, Cattail Lake and Hunters Marsh
which are man-made features (Figure 5-1). These areas are classified as Category | and I wetlandsin
Washington's four-tier rating system. Additional smaller wetlands are scattered throughout the base,
including wet areas along Clear Creek in the Mountain View area. Based on the SUBA SE Bangor
wetland designation map, there are no ddlineated wetlands at or adjacent to OU 8.
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The tidal shores of Hood Cand are present along the northwest perimeter of the base. Beaches are
typically composed of sand and gravel Sze materid with boulder riprap present in many areas for
erosion control.

5.3 REGIONAL GEOLOGY

Kitsgp County lies within the Puget Sound Lowland, a broad structurd trough filled with unconsolidated
sediments of Quaternary age overlying Tertiary bedrock. Severa continentd ice sheets advanced and
retreated across the region during the Quaternary period, resulting in the non-uniform deposition of
glacid and nonglacia sediments. The Fraser glaciation was the most recent episode, of which the
Vashon Stade was the most extensive. It was during thistime period that the near-surface water
bearing strata within the study area were deposited.

In generd, ten dratigraphic units have been identified which are sgnificant to understanding the geology
and the hydrogeologic system in Kitsgp County. Table 5-1 provides a brief summary of geologica units
from the youngest to the oldest. Figure 5-2 depicts a generdized geologic cross-section through
SUBASE Bangor.

54 OU 8 GEOLOGY

Environmenta investigations a OU 8 have encountered congtruction fill, Vashon Till, Vashon Advance
Outwash, and Lawton Clay. Figure 5-3 depicts geologic cross-section beneath OU 8. Congtruction fill
materid iswiddy distributed throughout the vicinity of the PWIA. Beneath the agphdt roadways and
parking surfaces, compacted sandy fill istypically present to depths of two or three feet. In addition,
there are numerous underground storage tanks throughout the PWIA, particularly around the gasoline
service gtation at Building 1204. The gasoline service Sation is referred to as the PWIA service station.
These tanks are typicaly surrounded by coarse grain backfill and pea gavel that extends outward three
or four feet from the perimeter of the tank, and to depths of 10 to 15 feet. Because congtruction fill has
not been compacted to the extent of the native glacia soils, these materids tend to be significantly more
porous and permegble than the till deposits that surround them. In addition, non-engineered fill was also
encountered that contained a variety of materids incuding wood, metd and brick fragmentsin asmal
portion in the northwestern corner of the PWIA. These fill materias are present to a depth of 12 feet.

Throughout most of OU 8, the Vashon Till is exposed at the surface, and typicaly varies from 20 to 40
feet thick with a basal devation of about 255 feet above mean sealevel (md). However, inthe PWIA,
the contact between the VVashon Till and the underlying dluvid deposits was encountered a depths
ranging from 15 to 45 feet bgs (270 feet to 240 feet md). Vashon till has topographic relief of up to 50
feet. At OU 8, the Vashon Till typically conssts of avery dense, gray to brown, well-graded (poorly
sorted) mixture of Slt, sand, gravel and cobbles. Matrix supported grave typicaly comprises about
twenty percent of thetill, with sands making up the remainder.

Underlying the till a OU 8 is the Vashon Advance Outwash (Qva) that hosts the shdlow, unconfined
aquifer system. Thisgeologica unit was the focus of the RI/FSfor OU 8 and is
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referred to as the Shallow Aquifer. Outwash deposits are typicaly 100 to 130 feet thick in OU 8, but
regiond dataindicate rapid thinning to the east where outwash deposits are locally absent in the vicinity
of Clear Creek. Overall, the outwash deposits at OU 8 consist of a coarsening upward sequence of
sand, sit, and gravel, with sit and silty sand predominating in lower sections just above the Lawton

Clay.

The Lawton Clay underlies the VVashon Advance Outwash, and is typically 40 to 80 feet thick, athough
in some aress its thickness exceeds 200 fedt. It isalocaly extensve unit that has been identified
throughout SUBA SE Bangor, northern Kitsap County, and the Seettle area. The Lawton is exposed in
outcrop at various locations dong Hood Cand. The top of the Lawton Clay isan irregular erosona
surface with loca relief of up to 30 feet. However, the attitude of the Lawton (i.e., strike and dip) is
unknown in the vicinity of OU 8. Where locally exposed in outcrop, the Lawton-outwash contact is at
an devation of approximately 145 feet above md.

55 SURFACE WATER HYDROLOGY

Clear Creek isthe most prominent surface water feature at OU 8 and provides drainage for the
southeastern portion of SUBASE Bangor (Figure 5-1). There are three principle branches of Clear
Creek, which join together approximately two miles southeast of the study area, and flow into the north
end of DyesInlet in Siverdae, Washington.

The PWIA is near the headwaters of the central branch of Clear Creek. The central branchisan
ephemerd stream that is confined to storm water culverts benesth the paved surfaces in the PWIA.
While flowing through the Mountain View resdentia areathe centrd branch follows a naturaized
drainage swale.

The surface water divide between the Hood Cana and the Puget Sound basins runs through the
east-centrd portion of SUBASE Bangor, approximately one mile west of OU 8. The surface water
divide appears to roughly coincide with the groundwater divide.

5.6 GROUNDWATER HYDROLOGY

The geologic and hydrogeologic conditions at OU 8 have been characterized through the drilling and
ingdlation of gpproximately one hundred groundwater monitoring wells. All of these wells have been
completed in the Shdlow Aquifer. The Shalow Aquifer is approximatdy 120 feet thick throughout
most of OU 8 where the depth to groundwater ranges from five feet to 65 feet bgs depending on the
land surface eevation. In the PWIA, the current depth to groundwater is approximately 22 feet bgs and
occurs a the contact between the Vashon Till and the dluvid outwash deposits. The seasond
fluctuation in the water table istypicaly two or three feet, with low water levels commonly occurring in
September and high levelsin May. However, due to record high rainfals throughout much of the Puget
Sound basin in 1996 and 1997, water table devations a OU 8 have risen four to eight feet above the
typicd leve.

Throughout OU 8, the Lawton Clay underlies the Shdlow Aquifer. The Lawton Clay isaregiondly
extensive aguitard thet effectively isolates the near-surface groundwater system from
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the deeper municipa water supply aguifers. A geologic cross-section depicting the Shdlow Aquifer and
monitoring wells with static water level measurements (from 1996) is presented in Figure 5-3. The
generd direction of the horizonta component of groundwater flow in the Shalow Aquifer isto the
southeest.

The vertical component of groundweter flow in the Shalow Aquifer isin the downward direction. The
verticd gradients vary sgnificantly between well clusters, which reflects the heterogeneity of the aquifer
materids and the variable recharge rates across OU 8. Vertical hydraulic conductivities in the Shalow
Aquifer were estimated to be approximatdy 10 times less than associated horizontal conductivities due
to the anisotropy (i.e, Sty layering) of the Vashon Advance Outwash.

Aquifer pumping tests were performed a OU 8 in 1996. Table 5-2 summarizes the caculated and
measured vaues of the Shallow Aquifer properties.

5.7 PREVIOUSREMOVAL AND REMEDIAL ACTIONS

This section summarizes prior remova and remedid actions relevant to OU 8. Two time-critica
removal actions were implemented at OU 8 after VOC were detected in an off-base residentia supply
well. In addition, avariety of remova and remedid actions have been conducted under the SUBASE
Bangor UST program within and around the PWIA from 1986 through 2000.

5.7.1 OU 8 Removal Actions

Two removal actions have been initiated at OU 8 to prevent potential human exposure to VOC in
groundwater. In 1995, the firgt time-critical remova action was implemented to supply Mountain View
resdents with an dternate drinking water source. The Navy connected the Mountain View resdentsin
the impacted areato amunicipa water supply to prevent human exposure to contaminated
groundwater and negotiated water use agreements with private landowners. The Navy paid the cost of
an estimated three years of water service on a one-time lump sum basis. Thereis no plan for the Navy
to connect additiond private properties to the municipa water supply. The water use agreements are
recorded with the Kitsgp County Auditor office and are legal agreements that “run with the land,” and
are legdly binding on subsequent private property owners.

In 1996, the second remova action was implemented to prevent further off-base migration of VOCs
contaminated groundwater by ingtaling a groundwater containment system. The containment system
consisted of a groundwater pump and treat (P& T) system. Figures 5-4 and 5-5 depict the layout and
schematic flow diagram of the P& T system a OU 8. The P& T system involves pumping groundweter
from two extraction wells (E1 and E2) located near the base boundary, removing the VOCsin an
aboveground treatment plant, and returning the trested groundwater to the aquifer through two
reintroduction wells (R1 and R2). Each extraction well was constructed to pump between 30 to 100
gdlons per minute (gpm). The combined pumping rate from each well was reduced to 45 gpm or a
combined flow rate of 90 gpm. Results from the natura attenuation studies and the computer modeling
performed as part of the feasbility study (FS) indicate that the P& T system did not significantly remove
VOCsfrom groundwater as
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compared to VOCs removed by naturd attenuation. Therefore, the P& T system was shut down in
December 1999.

5.7.2 Underground Storage Tanks Removal in the PWIA

As part of the SUBASE Bangor UST Program, tightness tests were performed on USTs in the PWIA
to identify potentia lesks from tanks and associated piping systems. Through this program, severa
UST's have been removed or abandoned in place to prevent further rel eases to the subsurface.
Releases from the tanks and associated piping systems were documented. Figures 5-6 depicts
abandoned and existing USTs a OU 8. Figure 5-7 depicts the approximate location of the currently
inactive free-product recovery system. Figure 5-8 depicts subsurface soil and groundwater sample
locationsin the PWIA.

Closure of UST 1202

Tank 1202 was a 2,000-galon waste oil tank located immediately south of Building 1202 (Figure 5-6).
During the tank remova in September 1994, petroleum contaminated soil was observed surrounding
the tank and was removed. However, since the tank had passed atightness test, it was suspected that
improper product handling (i.e., tank overfilling or spills during pump out) caused the soil contamination.
The results from the post-excavation soil sampling indicated total petroleum hydrocarbons (TPH),
Polychlorinated Biphenyl’s (PCBs), polycyclic arometic hydrocarbons (PAHS), tota metals, total

hal ogenated organics, and select Toxicity Characteristic Leaching Procedure (TCLP) andytes such as
VOCsand lead, are below the [aboratory reporting limits. Therefore, no further action was taken.

Closure of UST 1204-4

Tank 1204-4 was a 2,000-gallon waste oil tank located immediately south of Building 1014 (Figure
5-6). The tank, ingtaled around 1977, was removed in September of 1993. Following tank removdl,
the results from the post-excavation soil samples indicated TPH below the MTCA Method A cleanup
levels. Therefore, no further action was taken.

Closure of UST 1206

Tank 1206 was a 5,000-gdlon diesdl tank located northwest of Building 1014 (Figure 5-6). During the
tank removal in 1992, TPH was detected at concentrations up to 900 mg/kg in excavated soils. All
petroleum-contaminated soil was reportedly removed during the excavation.

Closure of UST 1038

Tank 1038 was a 20,000-gallon diesdl tank located immediately east of Building 1038 (Figure 5-6).
The tank was discovered in 1995. Sometime prior to 1995, the tank was abandoned; however, some
void spaces were |ft in the tank. During the tank closure in 1996, petroleum contaminated oil
surrounding the tank was excavated, stock-piled, and later backfilled into the excavation. Samples of
the stock-piled soil contained concentrations of TPH up to 2,200 mg/kg (as diesdl), and 500 mg/kg (as
gasoline).
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USTsat Former Building 15

In August 1996, under contract with the Navy, Shannon & Wilson performed a subsurface
investigation into the status of suspected USTs at severd locationsin the PWIA, including two heeting
oil and/or diesd tanks at the former steam plant (Building 15). Figure 5-6 depicts the historica location
of USTsat former Building 15. No USTs were encountered during the 1996 excavation. The USTs
were presumably removed during the demoalition of Building 15. However, an abandoned piping vault
was encountered at adepth of 5 feet. During excavation, petroleum contaminated soil was encountered
at concentrations that exceeded MTCA Method A cleanup levels. Gasoline range hydrocarbons were
detected at concentrations up to 250 mg/kg, and diesel was identified at concentrations up to 460
mg/kg. Although the excavation was backfilled with clean soil from the storm water detention pond,
petroleum contaminated soil Sill remainsin the vicinity of the excavation(s).

USTsat Former Building 20

Under contract with the Navy, Shannon & Wilson aso performed a surface geophysica survey in the
vicinity of the former service gation at Building 20 in an effort to identify abandoned USTs. Although
the survey did not identify evidence of an intact UST, demolition debris appeared to be backfilled into
the UST excavation. The gasoline tanks at Building 20 were presumably removed when the service
dation was demolished.

Other USTs

In addition to the UST closures described above, other USTs in the PWIA have been removed or
decommissioned. The tank shown at location “C” on Figure 5-6 is the suspected site of aremoved
gasoline tank associated with the old filling station a Building 20. However, the exact location of this
tank and its contents have not been determined. Location “E” is the Site of abandoned or removed
tanks associated with the former steam plant (Building 15). These tanks could have contained up to
50,000 gdlons of diesdl and Bunker oil. Both of these areas were investigated using ground penetrating
radar (GPR). The results of the GPR survey indicated that these tanks are no longer present.

Tank 1012, Tank 1025, and the fuel storage tanks near the service station are currently operationa,
and are monitored as required under the SUBASE Bangor UST Program (Figure 5-6). Tank 1012 isa
6,000-gdlon wagte oil tank. It contains waste oil from the oil/water separator in Building 1012. No
leaks or spills are known to be associated with this tank.

Tank 1025 is an 8,000-gdlon waste ail tank. It contains waste oil from the oil/water separator in
Building 1025. There are no reports of leaks and spills associated with this tank.

For fudl storage, the service station a Building 1204 currently utilizes a 20,000-galon diesd tank (Tank
1204-5, formerly unleaded gasoline) and three 15,000-gallon unleaded gasoline tanks (Tanks 1204-1,
1204-2, and 1204-3). Figure 5-6 depicts the USTs underneath the service station area.
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Product Release: UST 1204-5

Tank 1204-5 is a 20,000-galon unleaded gasoline tank that was indtalled at the PWIA service station
(Tank 1204-5) in 1979, and was operated until 1986 when a leak was discovered in an underground
fue line (Figures 5-6 and 5-7). The lesk was immediately repaired; however, an estimated 20,000
galons of fuel was released into the subsurface between 1982 and 1986. This release is the suspected
source for the mgority of the petroleum related chemicasin OU 8 groundwaeter.

In July 1986, nine monitoring wells (MWOL through MWO09) were indaled in the vicinity of Building
1204 to assess the groundwater conditionsin the area (Figure 5-8). LNAPL was observed in MWO1
(3.07 feet thick), MWO2 (1.07 feet thick), and in MWO3 (0.9 feet thick), while hydrocarbon odors
were noted in MW04 and MWO05.

5.7.3 Product Recovery System

In August 1986, a free-product recovery system was ingtaled in the PWIA service sation area. The
recovery system consisted of three product recovery wells equipped with pneumatic pumps (RW1,
RW2, and RW3). The wellswere ingtdled in the area of known floating free product (Figure 5-7).
Extracted free product and groundwater is pumped to an oil/water separator. Petroleum from the
oil/water separator is pumped into an above ground holding tank, while the wastewater is discharged
into the sanitary sewer. The system was shut down in November 1998. Approximately 6,000 galon of
LNAPL has been recovered from an estimated 20,000 gallons released.

57.4 SVE System

In 1994, a combined SVE and bioventing system was indaled in the vicinity of the gasoline rdease a
the PWIA sarvice station to remediate petroleum-contaminated soil. The schematic layout of the
SVE/bioventing system is shown on Figure 5-7.

The sysem conssted of acombination of 15 SVE wells (V S1 through V S15), four ar sparging wells
(ASL1 through A$4), and one vent well (VS16). All of the SVE wells were manifolded into a blower,
while the sparging wells were connected to a compressor. Extracted soil vapor was piped to a
regenerative therma oxidation unit (RETOX®) for trestment. In March 1996, the above ground
components of the system were dismantled, but the vapor wells and underground piping were left in
place.

The SVE system was restarted in January 1997 using the origind in-ground components of the system.
New aboveground system components were added, including a moisture knockout tank, a blower, a
catdytic oxidizer, and a control unit. A process and instrumentation diagram of the SVE system is
shown in Figure 5-9. Since the start of operation in January 1997 through March 2000, the SVE
system has removed approximately 35,000 pounds of petroleum hydrocarbon vapor.
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575 SVE Tests

Prior to the 1997 soil vapor extraction (SVE) system modifications, SVE pilot tests were conducted
(November 1996) in the vicinity of the PWIA service gation to determine the feasibility of implementing
SVE to remediate petroleum contaminated soils in the area. During the SVE tests, LNAPL was
observed in numerous wells located in the vicinity of Building 1204. The presence of LNAPL in vapor
wellswhere it had not previoudy been identified was likely due to abnormaly high groundweter levels
associated with record rainfal in 1996. As an interim measure, LNAPL was removed from the wells
through hand bailing through the end of December 1996.

Results of the SVE pilot tests indicated that an optimized system could remediate the petroleum
contaminated subsurface soilsin the vicinity of the PWIA service station, but LNAPL may require a

separate recovery system.
5.7.6 Closureof Clear Creek Grocery UST

The Clear Creek Grocery is located off-base on the southwest corner of the intersection of Clear
Creek and Mountain View Roads (Figures 1-2 and 5-10). From 1992 to 1994, the owner of Clear
Creek Grocery conducted alimited Site characterization study, a gasoline UST closure, and a
petroleum contaminated soil remova at the grocery store/service station. The former USTs at the Clear
Creek Grocery represent the only documented release of petroleum fuels in the Mountain View
residential neighborhood.

In 1992, during the repair of a shdlow gasoline line at the grocery store/service station, petroleum
hydrocarbons were detected in the soil at concentrations exceeding the MTCA Method A cleanup
levels. Thisled to alimited Steinvestigation later that year. The results from the three test pits sampled
during this investigation indicated petroleum hydrocarbons below Method A cleanup levels.

In 1993, the owner of Clear Creek Grocery removed three steel USTs from the north side of the
property. Soil samples collected during the remova contained petroleum hydrocarbons at
concentrations up to 12,000 mg/kg. Contaminated soil was removed, and the excavation was backfilled
with dean materid.

In 1993 and 1994, a subsurface investigation was performed to characterize the groundwater
conditions at the Site and to evaluate resdua soil contamination in the area of the release. Four soll
borings were ingaled. Three of the soil borings were completed as groundwater monitoring wells (B1
and MWOL through MWO03). The anaytica results of soil and groundwater indicated benzene, toluene,
ethylbenzene, and xylenes (BTEX); TPH as gasoline (TPH-G) and totd lead below the MTCA
Method A cleanup leves. The characterization report recommended additiona remedid activities a the
gteinduding ingtdling a monitoring well downgradient of the UST excavation. No information is
currently available to determine if the recommendations were accepted and/or implemented by the
owners.
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5.8 SAMPLING STRATEGY

This section summarizes the field investigation and describes the rationale, methods, and procedures
used to determine the physica and chemical characteristics of OU 8 during the OU 8 remedid
investigation (RI). The OU 8 RI was conducted in the summer of 1996. The RI results are presented in
the RI report. A total of 15 new monitoring wells were ingtalled, and groundwater samples were
collected from 75 wdlls (60 exigting and 15 new wells) as part of the RI.

Previous environmenta investigations at the PWIA detected trace levels of chlorinated VOCsin severd
subsurface soil samples. The history of any chlorinated solvent release in the PWIA is unknown.
However, it is reasonable to assume that any chlorinated solvent release occurred prior to mid-1970s
when: (1) environmental and hazardous materias awareness was considerably less than it istoday; (2)
the PWIA was largely unpaved; and (3) demilitarization activities were peaking in support of the
Vietnam War. Contour maps of chlorinated VOC concentrations in groundwater clearly indicate initial
releases at the PWIA where the highest concentrations of chlorinated VOC have consistently been
detected in groundwater samples.

The RI fidld sampling program was designed to accomplish the following specific objectives:

. Identify chlorinated VOC source areas in the PWIA, if present;

. Further define the verticd extent of VOCsin groundwater;

. Establish groundwater monitoring locations east of Clear Creek Road,

. Determine the current extent and concentrations of VOC in groundwater; and
. Collect additiona information to support the risk assessment, the FS, and the

contaminant trangport computer modeling effort.

During the OU 8 fidld investigation, samples of groundwater, subsurface soil, soil vapor, groundwater
seep, and sediment (surface soil from Clear Creek) were collected from the locations shown in Figures
5-11 and 5-12. In addition, groundwater samples were aso collected from dl of the OU 8 monitoring
wells shown in Figure 5-13. Table 5-3 summarizes the rationde for these sampling locations.

5.9 NATURE AND EXTENT OF CONTAMINATION

This section summarizes the results of subsurface soil, soil vapor, groundwater, and groundwater seep
and sediment samples collected during the RI and the on-going groundwater monitoring program at OU
8. The VOC and semi-volatile organic compound (SVOC) detections in soil and groundwater were
compared to the most conservative chemica-specific screening levels at the time of the RI, which are
the MTCA Method B Levels. Screening leves are used to evduate levels of chemicd contamination
and to establish cleanup requirements under WAC 173-340 (Ecology 1996a). For noncarcinogenic
and carcinogenic substances, the soil screening levelsin
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MTCA were developed using Ecology’ srisk criteriafor ingestion of soils. For certain chemicals where
risk-based soils cleanup levels cannot be established or where such levelsin soils may not be
adequatdly protective of groundwater quality, MTCA sets the soil cleanup leve a 100 timesthe
groundwater cleanup levels for those chemicas. Sediment samples were screened to the soil values of
MTCA Method B. MTCA Method B vaues are set using a Site risk assessment for single substancesin
sngle media As specified inthe MTCA Cleanup Levels and Risk Cdculations (CLARC 1) Update,
the MTCA Method B values were developed from:

. Maximum contaminant levels (MCLS), maximum contaminant level gods (MCLGs),
secondary maximum contaminant levels (SVICL ), and ambient water qudity gods
(AWQGs),

. Formula values based on human hedth,
. Method A values,

. Levesto protect the environment (e.g., levels which will prevent migration of hazardous
substance from one medium to another with resultant violaion of acleanup leve inthe
second medium or levels which will protect unique Site characteridtics,

. Leves based on naturd background levels of hazardous substances, and

. Practical quantification limit (PQL) [The PQL isthe lowest concentration of an anayte
that can be reliably measured within specified limits of precision and accuracy during
routine laboratory operating conditions. PQLS can be used to estimate or evauate the
minimum concentration a which most |aboratories can be expected to reliably measure
agpecific chemicd.]

5.9.1 Subsurface Soil Samples

In order to determine if an active source of contamination existed in the PWIA, samples of subsurface
soil and soil vapor were collected from 12 newly ingtaled wells (8MW38 through 8MW49). Additiona
s0il vapor samples were aso collected from five existing vapor extraction wells (VS6, VS9, VSL1,
VS13, and VS16), and from five existing monitoring wells (MWO03, MW04, MWO05, MWO06, and
MWQ7). Subsurface soil samples were analyzed for VOC and semi-volatile organic compounds
(SVOC), while soil vapor samples were analyzed for VOCs only. Soil samples were also collected
during the ingalation of new wells SMW50 through 8MW52.

Table 5-4 summarizes the number of samples collected, number of detections, minimum and maximum
detected VOC and SV OC concentrations in subsurface soils. A total of 13 VOCs were detected in the
subsurface soil samples collected as part of the OU 8 source areainvestigation. No VOCs were
detected in subsurface soils a concentrations exceeding the MTCA Method B cleanup levels. Based
on the results of the subsurface soil samples collected
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during the OU 8 source areainvestigation, there is no evidence for an active source of chlorinated
VOCsin the soils benesth the PWIA.

Four of the 15 SVOCs detected in subsurface soils were reported at concentrations exceeding the
MTCA Method B cleanup levels. These four SVOCs are benz(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, and chrysene. These SVOCs are classified as carcinogenic PAH compounds.

Non-chlorinated VOCs were detected in al soil vapor samples collected during the OU 8 tests at
concentrations ranging from trace amounts to percent levels. Mogt of these chemicds are components
of petroleum, and are likely related to the gasoline release at the PWIA service sation. Elevated
concentrations of BTEX compounds were detected in soil vapor samples collected from wells located
in the central and the south-central portions of the PWIA. The area of elevated petroleum compounds
in soil vapor beginsin the vicinity of UST 1204-5 and extends downgradient to the southeast for a
distance of gpproximately 500 feet.

A totd of sx chlorinated VVOCs were detected in the soil vapor samples collected during the OU 8
source area investigation. They are DCA; 1,1-dichloroethene (DCE); 1,1,1-trichloroethane (TCA);
vinyl chloride; chloroform; and carbon tetrachloride.

Based on the results of the subsurface soil and soil vapor samples collected during the OU 8 source
area invedtigation, and sample results from previous investigations, the following conclusions can be
drawn:

. An active source of chlorinated VOCs was not identified in the subsurface soil benesth
the PWIA. The low concentrations of chlorinated VOCs reported in severd soil vapor
samples are not necessarily indicative of a source, and is attributable to evaporation of
these chemicals from the water table.

. Petroleum related V OCs were detected in subsurface soil samples collected from
depths of 25 to 40 feet bgsin the south centrd portion of the PWIA. The presence of
these chemicals in the groundwater smear zone and the top 10 feet of the aquifer
suggests that they are related to the gasoline release at UST 1204-5.

. The presence of SVOC approximately 250 feet upgradient of the PWIA service dation
suggests that they are not related to the fuel release at the gasoline service station but
most likely to past maintenance activities such as parts degreasing.

. VOCs and SVOCs were not detected in the subsurface soil sample collected at 120
feet bgs from 8MW50.

5.9.2 Groundwater Samples

A total of 75 monitoring wells (60 existing and 15 new wells) were sampled as part of the remedia
investigation to assess the extent of contamination in OU 8 groundwater (Figure 5-13).

Projects\Federal\Dod\Navy\60857.12 SUBA SE Bangor\Final ROD
511



OU 8 Record of Decison, SUBASE Bangor Find
Contract No. N44255-94-D-7309, Delivery Order 12 September 2000

Groundwater samples were andyzed for VOCs and SV OCs, and were field tested for a variety of
water quaity parameters.

Volatile Organic Compounds

Table 5-5 summarizes the number of samples collected, number of detections, minimum and maximum
detected concentrations, and the reference values used for screening in the RI (EA 1999). A totd of 26
VOCs were detected in the groundwater samples. In the RI, eleven VOCs were detected at
concentrations exceeding the MTCA Method B cleanup levels. The digtribution and concentration of
VOCsin groundwater was smilar to the sampling results obtained from the on-going groundwater
monitoring program at OU 8. In 1999, only five VOCs were detected at concentrations exceeding the
MTCA Method B cleanup levels. They are benzene, DCA, DCE, 1,2-dichloropropane, and
1,1,2-trichloroethane. Based on the results of groundwater monitoring from 1995 through 1999,
benzene and DCA were the most frequently detected chemicasat OU 8. They were detected at the
highest concentration relative to their MTCA cleanup levels,

Semivolatile Organic Compounds

Table 5-6 summarizes the number of samples collected, number of detections, minimum and maximum
detected concentrations, and the MTCA Method B reference value used for screening inthe RI. A
total of 12 SVOCs were detected in the groundwater samples collected during the OU 8 remedia
investigation. However, no SVOCs were detected in OU 8 groundwater at concentrations exceeding
the MTCA Method B cleanup levels. The most frequently detected SV OCs were
2-methylngphthalene, phenal, benzoic acid, bromacil 2-methylphenol, and 4-methylphenal.

5.9.3 Groundwater Seep and Sediment Samples

Groundwater seep and sediment (surface soil) samples were collected, in July-August 1996, from three
locations along the west bank of the main branch of Clear Creek (Figure 5-12). All detections of
VOCsand SVOCs in groundwater seep and sediment samples collected are shown in Table 5-7. No
VOCs or SVOCs were detected in groundwater seep or sediment samples at concentrations
exceading the MTCA B cleanup levels.

Six organic chemicals were detected at the upgradient/background location SP3. The presence of these
chemicds a this location suggests that the chemicals observed in the seep and sediment samples are not
related to OU 8.

594 LNAPL

Figure 5-14 depicts the extent of LNAPL beneath the PWIA as of September 1998. LNAPL has been
observed in severd wellslocated in the vicinity of the PWIA service gation. During the OU 8
groundwater sampling, sheens and/or strong petroleum odors were observed in wells MW03, MW(04,
MWO08 and 28MWOL. In October 1996, LNAPL was observed in anewly ingtaled well (8MW49)
located approximately 100 feet south of its previous known extent. The LNAPL was identified to be
gasoline and appears to be related to the releases from tank 1204-5.
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Basad on fidd measurements, it is estimated that a maximum of approximately 13,000 gdlon of
LNAPL remains beneath the PWIA.

5.95 Horizontal Extent of VOC in Groundwater

Figures 5-15 through 5-18 depict the horizonta extent of benzene from 1995 through 1998. Figures
5-19 through 5-22 depict the horizonta extent of DCA from 1995 through 1998. Although thereis
some minor boundary fluctuation that would be expected, the horizontal extent of groundwater
contamination has not sgnificantly increased over the past severd years. The plumeis gable. The
downgradient edge of groundwater contamination is located just south of Mountain View Road, and the
overdl dimension of the contaminant plume is gpproximately 2,000 feet by 500 feet.

The horizonta extent of DCA in groundwater clearly indicates a potentid initia release(s) of chlorinated
VOCsin the PWIA, where the highest concentrations of these chemicads have been observed in
groundwater since 1994. More chlorinated compounds such as tetra and tri-chlorinated compounds
are detected beneath the PWIA. Less chlorinated compounds such as dichlorinated compounds are
detected beneath the PWIA, dong the base boundary, and Mountain View residentia area.

No VOCs or SVOCs were detected in downgradient monitoring wells SMW15, SMW51 or SMW52.
This data suggest that the extent of VOC in the Shdlow Aquifer is not increasing, and contaminants are
not migrating beyond the vicinity of Mountain View Road.

5.9.6 Vertical Extent of VOC in Groundwater

Figures 5-23 and 5-24 are cross sections that depict the vertica extent of benzene and DCA,
respectively, in the Shadlow Aquifer in 1996. In the PWIA, the highest VOC concentrations were
detected in the shalow portion (top 30 feet) of the Shallow Aquifer. To the southeast, long the base
boundary and Mountain View Road, the highest VOC concentrations were detected in the intermediate
depths (middle 40 feet) of the Shallow Aquifer. These data show that VOCs have migrated into deeper
portions (deeper than 70 feet) of the Shdlow Aquifer in the downgradient direction.

In the PWIA, where the verticd hydraulic gradient is greatest, V OCs have migrated downward to the
deeper portions of the Shallow Aquifer. Along the base boundary, the highest concentrations of VOCs
were detected approximately 35 feet deeper into the aguifer. In the Mountain View resdentid area
where vertical groundwater gradients are consderably less, VOCs remained confined to intermediate
aquifer depths, with little downward migration.

Petroleum related V OCs (represented by benzene) show greater vertical extent than the chlorinated
VOCs (represented by DCA). In the PWIA, petroleum related VOCs were detected in the
intermediate and deep portion of the Shallow Aquifer. Thisindicates that the entire thickness of the
Shdlow Aquifer beneath the PWIA may have been impacted as a consequence of the gasoline release
from tank 1204-5.
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Chlorinated VOCs are retricted to ardatively narrow interva of aquifer thickness. In the PWIA,
chlorinated VOCs were confined to the shallow portion and were not detected in the intermediate or
deep portions of the Shalow Aquifer. In the off-base portion of OU 8, chlorinated VOCs were
restricted to the intermediate portion and were not reported in the shallow or deep portions of the
Shdlow Aquifer.

5.10 CHEMICALS OF CONCERN

The remedid investigations for OU 8 included sampling and chemicd andys's, geophysca
investigations, and soil vapor screening. Soil borings were drilled at most of OU 8 to collect subsurface
s0il samples, and some soil borings were completed as monitoring wells for groundwater
characterization. Groundwater seep and sediment (surface soil) samples were aso collected from Clear
Creek. In generd, soil and groundwater samples were analyzed for EPA target compounds, ordnance
compounds, herbicides, and water quality parameters. EPA target compounds are VOCs, SVOCs,
pesticides, and PCBs.

Sampling results were screened against risk-based screening concentrations (RBSCs) and MCLs. For
OU 8, RBSCs are EPA Region IX Prdiminary Remediation Gods (PRGs), EPA Region 11
Risk-Based Concentrations (RBCs), and the MTCA Method B vaues. If the maximum concentration
of achemica exceeded the lowest vaue among the RBSCs or its MCL, then that chemica was
identified as achemica of potential concern (COPC) at OU 8. COPCs were then carried through the
risk assessment process. Those COPCs that were characterized as presenting an unacceptable risk to
human health or the environment were identified as chemicals of concern. (COCS).

Two human hedlth risk assessments were performed for OU 8. The first risk assessment was
performed as part of the remedid investigation and is referred to as the origind (1995/96) risk
assessment. The data used in the 1995/96 risk assessment consisted of data collected from March
1995 through August 1996. The second risk assessment was performed as part of the feasibility sudy
and is referred to as the 1998/99 risk assessment. The 1998/99 risk assessment focused on evauating
risks to future off-base receptors through groundwater consumption. The data used in the 1998/99 risk
assessment consisted of data from January 1998 through January 1999, from selected wells at the base
boundary and dong Mountain View Road.

Table 5-8 summarizes on-base and off-base risk-based COCs identified for OU 8, and potentia
chemica-specific ARARS. Table 5-9 summarizes chemica-specific risks that exceed EPA criteria by
pathway and receptor based on soil and groundwater data obtained during the remedid investigation in
1996. Table 5-10 summarizes chemical-specific risks that exceed EPA criteria by pathway and
receptor based on groundwater data collected in 1998 and 1999.

5.11 CONCEPTUAL SITE MODEL
The primary concern a OU 8 is VOC contaminated groundwater, which has extended to

goproximately 2,000 feet long and 500 feet wide within the Shdlow Aquifer. Contamination in the
Shdlow Aquifer has threstened the public drinking water supply wells located in the
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Mountain View neighborhood. The secondary concern at OU 8 isthe dissolution of VOCs from
LNAPL benesth the PWIA service gation into the groundwater. The LNAPL presents an ongoing
source of groundwater contamination and contributes to the resdud soil contamination.

A number of mechaniams exist by which chemicdsa OU 8 can migrate from contaminated areas to
other areas and other media. The movement of chemicalsin the environment is a complex process
subject to the physica and chemicd properties of the chemicd, and physicd and biologica
characterigtics of OU 8. A conceptud ste modd was developed to schematicdly display available
information such as chemica sources, migration and exposure routes to aid in identifying potentid risks
to human health and the environment. Figure 5-25 depicts the conceptud site modd devel oped for OU
8.

5.12 PRINCIPAL-THREAT AND LOW-LEVEL-THREAT WASTES

NCP Section 300.430(a)(2)(iii)(A) establishes an expectation that treatment will be used to address the
“principa threats’ posed by a Site wherever practicable. Principal threst wastes are those “ source
materids’ consgdered to be highly toxic or highly mobile that cannot be contained in areliable manner,
or would present asignificant risk to human hedth or the environment should exposure occur.
Low-level threat wagtes are those source materids that generdly can be reliably contained and that
would present only alow risk in the event of exposure. The statutory preference for trestment asa
principd dement is satisfied if the principa threat at OU 8 is addressed through treatment.

The principa threats posed by OU 8 are from LNAPL beneath the PWIA service station. Previous
actions amed at addressing the principal-threat source materia at OU 8 were ingtdlation of the product
recovery system (Section 5.7.3) and soil vapor extraction system (Section 5.7.5). Through field
measurements during the on-going groundwater monitoring program at OU 8, LNAPL is Hill present at
OU 8. This contamination is conddered a principa threat due to contaminant mobility from LNAPL to
groundwater and the resultant toxicity in groundwater from VOCs.

The low-leve threat waste at OU 8 is petroleum-contaminated soil beneath the PWIA service sation at
adepth of 15 feet bgs to the water table. Because the water table is presently at historic high leve
(approximatdy 22 feet bgs), most contaminated soil is below the water table. There are no human
hedlth risks related to exposure to subsurface soil. Human hedlth risks associated with OU 8 are related
to condtituents in the groundwater. The LNAPL found at the Site presents a significant ongoing source
of COCsin groundwater and aso contributes to resdud soil contamination. A soil removd action to
address contamination at these depths within the confines of a heavily developed PWIA would be
extremdy difficult, costly, and would not sgnificantly minimize further groundweter contamination.
Natura attenuation and biodegradation may be gpplicable for the soil once the LNAPL has been
removed to the extent practicable. However, until that time, the resdua soil contamination cannot be
fully characterized and residua soil cleanup cannot be evauated. Accordingly, the resdua contaminants
in soil from a depth of 15 feet bgs to the water table are not directly addressed in
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this remedy. The status of the resdud soil contaminants and the need for active remediation will be
evauated within the 5-year review process.

There are no principa threats associated with the groundwater contamination at OU 8 because
groundwater contamination is generaly not consdered a source materia, and therefore would not be
characterized as a principa threat as defined by the NCP. However, VOC contamination in
groundwater congtitutes the primary risk remaining at OU 8 and isthe current focus of the Navy's
actions.

5.13 NATURAL ATTENUATION EVALUATION

During the Remedid Investigation, the Navy performed a two-phase groundwater investigetion at OU 8
to evduate the potentia for remediation by monitored naturd attenuation. Phase | groundwater
sampling activities were conducted in October 1997 (EA 1998c), and Phase Il sampling occurred in
June 1998 (EA 1999b). During each phase, groundwater samples were collected from approximately
20 wells, and andlyzed for a variety of chemica parametersthat are indicative of various processes that
naturaly degrade chemica contaminants. This section describes the results of the naturd atenuation
evauation, which was performed in accordance with the USEPA guidance document entitled Technica
Protocol for Evaluating Naturd Attenuation of Chlorinated Solventsin Ground Water (USEPA 1998).
Additiona and specific guidance was obtained from the document entitled “ Technica Guiddinesfor
Evauating Monitored Naturd Attenuation of Petroleum Hydrocarbons and Chlorinated Solventsin
Groundwater a Nava and Marine Corps Fecilities” (US Navy 1998).

Natura attenuation processes include the biological, chemica or physical processes that act without
human intervention to reduce the mass, toxicity, mohbility, volume or concentration of contaminants.
These processes include biodegradation, sorption, disperson, dilution, volatilization; and the chemical
or biological stabilization or destruction of contaminant chemicals. Processes that actudly degrade or
destroy chemica contaminants (i.e., biodegradation) are preferable to smple mass transfer or dilution
mechanisms. Monitored natura attenuation is most appropriate as aremedid action aternative where
groundwater plumes are in a stable or steady state condition (USEPA 1998). The USEPA defines
monitored natural attenuation (MNA) as.

“...the use of natural attenuation processes within the context of a carefully controlled and
monitored site cleanup approach that will reduce contaminant concentrations to levels
that are protective of human health and the environment within a reasonable time frame
(USEPA 1998).”

To demongrate that remediation by natura attenuation is occurring a OU 8, aweight of evidence
gpproach was presented (EA 1998c, 1999b) using avariety of supporting evidence as identified in
severd reference documents. The gpproach taken focused on identifying the following naturd
attenuation evidence:

. Plume gability,
. Redox zonation,
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. Nutrients and food sources,
. Daughter product andysis, and

. Contaminant transport modd.

The purpose of this section isto summarize the results of the MNA evduation at OU 8. A generd
discussion of biodegradation is presented in Section 5.1.3 of the Find RI Report (EA 1999a), and the
details of the MNA evauation are provided in the Phase | (EA 1998c) and Phase 11 (EA 1999b)
reports.

5.13.1 Biodegradation at OU 8

At OU 8, the PWIA contains ided redox conditions for reductive dechlorination because of the
abundance of petroleumn hydrocarbon and chlorinated VOCs and the favorable anaerobic conditions
created from biological decay of petroleum fuels. Downgradient of the PWIA where the groundwater
becomes more oxygenated, the degradation of both petroleum hydrocarbon and reduced chlorinated
VOCs can proceed under aerobic conditionsin which both classes of chemica contaminants behave as
€lectron donors.

Evidence indicates that the occurrence of reduced chlorinated VOCs such as DCA in OU 8
groundwater represents a degradation daughter product of trichloroethane (TCA), acommon industrial
solvent (EA 1998a). The groundwater data show DCA is distributed within the benzene plume and is a
highest concentrations in locations corresponding to anaerobic groundwater conditions (EA 19994).

During the naturd atenuation evaluations, groundwater samples were collected from gpproximately 20
wells located throughout OU 8 (EA 1998c and 1999b). Figure 5-26 depicts the natural attenuation
sampling locations. The ditribution of these wells represent the variety of groundwater conditions
present at OU 8 from the background well (8MW16) in the northwest corner of the study ares, through
the PWIA, past the base boundary and mountain View Road, to Clear Creek Road (8MW15) in the
southeast portion of the study area. The weight of evidence gpproach was used to demondtrate that
remediation by naturd attenuation is occurring a OU 8. These evidences are presented in the following
sections.

5.13.2 Plume Stability

Plume gtability is one of the most important conditions required to successfully implement monitored
naturd attenuation as aremedid action dternaive. Plume ability isidentified by monitoring
groundwater data for petroleum, VOCs and generd water chemistry such as redox potentia, pH,
temperature, etc. At OU 8, DCA and benzene have been consistently detected at concentrations
exceeding the regulatory screening criteria

Figures 5-15 through 5-22 show the benzene and DCA contaminant plumes a OU 8 from 1995
through 1998. Based on the groundwater data, both the DCA and benzene plumes appear to be stable.
The groundwater data aso indicate that the DCA and benzene concentrations have been declining in
groundwater samples collected from wellsin the Mountain View resdential area. These data suggest
that the plume is stable or shrinking, a fundamental premise toward the gpplication of monitored natura
attenuation. The highest DCA and benzene concentrations are

Projects\Federal\Dod\Navy\60857.12 SUBA SE Bangor\Final ROD
517



OU 8 Record of Decison, SUBASE Bangor Find
Contract No. N44255-94-D-7309, Delivery Order 12 September 2000

located just downgradient of the centrd PWIA. Additiondly, quarterly monitoring conducted in 1999,
and through June of 2000 show the trend continuing.

5.13.3 Redox Zonation

The biodegradation of petroleum hydrocarbons is awell documented process, and occurs at varying
ratesin dmost al geochemica conditions. The biodegradation of petroleum fuels can be described by
the redox reaction in which the hydrocarbon behaves as the eectron donor (i.e., food source), and
where oxygen isthe primary eectron acceptor under aerobic environments. When insufficient oxygenis
available, or under anaerobic environments other chemicas such as NO;, M, Fe*3, SO,?, CO, can
be used as dternate e ectron acceptors. These cations and anions are considered “low energy” electron
acceptors.

Until the mid-1980s, chlorinated solvents were generdly believed to be perdagtent in the subsurface
environment until studies showed that microorganisms can transform chlorinated diphatic compounds
using avariety of mechanisms that depend on the properties of the chemica and the geochemica
conditions of the aquifer (Bower and McCarty 1983, Vogd and McCarthy 1985). The most important
of these mechanismsiis reductive dechlorination.

Reductive dechlorination is a biochemica process that occurs under anaerobic conditions in which
bacteria produce enzymes that remove chlorine atom(s) from its base carbon. Since this process leaves
a hydrocarbon stripped of its chlorine, the molecule becomes susceptible to other natural degradation
processes. In the redox reaction, the chlorinated VOC is the e ectron acceptor and molecular hydrogen
is the typica eectron donor.

In generd, redox reactions proceed sequentidly from the most thermodynamicaly favorable eectron
acceptor to the least favorable. Oxygen is the most favorable e ectron acceptor, followed sequentialy
by NO;, Mn*4, Fe*3, SO,2, CO, and chlorinated solvents. Because reductive dechlorination is alow
energy yidding reaction, dechlorinating microorganisms will only compete with other bacteria using
amilar low energy eectron acceptors. Accordingly, dissolved oxygen istoxic to the microbesin this
process, and reductive dechlorination does not generaly occur when the concentration of dissolved
oxygen exceeds 1 mg/L (USEPA 1998). Reductive dechlorination may proceed adong the following

pathway:
TCA ¥ DCA I chloroethane T ethane (ethanol)
In genera, three requirements are necessary to sustain the process of reductive dechlorination:

. the maintenance of reducing groundwater conditions,
. available e ectron donors and acceptors, and
. the presence of other nutrients required for cell growth.

Microorganisms are generaly thought to be incapable of using tetra and tri-chlorinated organic
compounds (i.e., PCA and TCA) as electron donors (food sources). However, once degraded by
reductive dechlorination, more reduced chlorinated diphatics (i.e., mono and di-chlorinated
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compounds such as DCA) can be used as dectron donors. In this case, microorganisms are able to
degrade chlorinated VOCsin either an agrobic or anaerobic environment (Weidemeier et a. 1996).

Redox zonation is identified by monitoring termina e ectron accepting processes and ddlineating
particular “redox zones’ in groundwater that are conducive to the degradation of various organic
contaminants by measuring the concentration of eectron acceptors (O,, NO5, Fe*3, SO,?, and CO,)
électron donors (TOC, BTEX, H,S, H, and Fe*?) , anions (nitrite, nitrate, chloride, sulfate, and
bromide) and hydrogen gas (H,) in groundwater. By measuring the concentration of various electron
donors and acceptors and chemicd by products in each groundwater sample, the Site can be separated
into different regions or zones that are characterigtic of particular types of redox reactions. Delineating
these “redox zones’ is critica towards identifying what type of biodegradation is occurring on Ste. This
information is summarized on Figure 5-27, and is discussed in this section.

. Dissolved Oxygen: Asshown in Figure 5-27, the concentration of dissolved oxygen
(DO) dropsto near zero in the centra PWIA, and levels out to around 1 mg/L in the
Mountain View area. The consumption of DO in the centrd PWIA isdueto the
aerobic degradation (oxidation) of petroleum fud. The depletion of DO in the centra
PWIA creates anaerobic environments in the centra PWIA and provides proper
conditions for the reductive dechlorination of chlorinated VOCs. Increasesin DO aong
the base boundary are due primarily to the recharge events caused by surface water in
this area and through the inflows from the reintroduction wells. Figure 5-27 depicts
dight decreases in DO concentration along the Mountain View area, where
groundwater is generdly aerobic, and are associated with DCA and benzene
biodegradation.

. Sulfate: Asshown in Figure 5-27, the concentration of dissolved sulfate (SO,2)
decreases in the centra PWIA. As shown in Figure 5-27, the concentration of
dissolved sulfate (SO, ) decreasesin the central PWIA, where groundwater is
anaerobic. The depletion Of SO, in the central PWIA is associated with benzene
biodegradation coupled to sulfate reduction and indicates SO, 2 isbeing utilized asa

low energy electron acceptor.

. Nitrate: Aswith sulfate, the concentration of nitrate (NO5") decreases in the centra
PWIA indicating that reducing conditions are present and that NO;™ isbeing used asa
low energy electron acceptor.

. Iron: In the absence of oxygen, ferric iron (Fe*3) can be used as an € ectron acceptor

in redox reactions. However, because Fe" usualy occursin the solid state and tends to
sorb onto aquifer materids, it is more convenient to measure the concentration of
dissolved ferrousiron (Fe*?), the reduced state of iron. In iron reducing conditions
ferrousiron will be more abundant and detected concentrations should increase over
background levels. As shown in Figure 5-27, the concentration of Fe*? ranges from
near zero upgradient of the PWIA, to greater than 5 mg/L within the centrd PWIA
indicating that iron reducing conditions are present.
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Hydrogen: Dissolved molecular hydrogen is the eectron donor that drives reductive
dechlorination, and is adirect indicator of the redox conditions. High concentrations of
hydrogen (greater than 1 nM/L) are associated with the highly reductive core of the
plume in the centra PWIA (8MW53, 26MWO01, and MWO05). As shown in Figure
5-27, dissolved hydrogen increases in the centrd PWIA and indicates iron-reducing
conditionsin thisarea.

Carbon Dioxide: When other adternate or low energy e ectron acceptors have been
reduced, the lowest energy molecule CO, is then reduced and generates methane
(CH,) as by product of CO, reduction. As shown in Figure 5-27, the concentration of
CO, drops sharply in the central PWIA indicating that it is being depleted as alow
energy eectron acceptor during reductive dechlorination.

Methane: Methaneis aby-product from the reduction of CO,. As shown in Figure
5-27, high concentration of methane gas in the centra PWIA indicates highly reducing
conditionsin that area. Methanogenic conditions are optimal for the reductive
dechlorination of chlorinated VOCs.

With respect to the concentration of various eectron donors and acceptorsin OU 8 groundwater, the
fallowing conclusions can be drawn:

The centrd portion of the PWIA is characterized by highly reducing groundwater
conditions which are ided for reductive dechlorination of chlorinated VOCs.

There appears to be an ample supply of eectron donors (hydrogen and petroleum
hydrocarbon) and electron acceptors (NO5, Mn™, Fe™3, SO,2, CO,) to sustain of
reductive dechlorination process.

Aerobic groundwater conditions downgradient from the PWIA are amendable to the
biodegradation of both petroleum compounds and reduced dichlorinated VOCs (i.e.,
DCA).

5.13.4 Nutrientsand Food Sour ces

As noted in the section above, favorable conditions exist and there appears to be an ample supply of
electron donors (food sources) and acceptors to sustain the metabolic activity of dechlorinating
microbes, and aslong as relatively high concentrations of BTEX pergd in the immediate vicinity of the
gas station, reducing groundwater conditions will be present.

Other than water, the three crucid nutrients necessary for sustaining microbid growth and activity are
carbon (C), nitrogen (N), and phosphorous (P). Whilea C:N ratio of 20 and aC:P ratio of 100 are
considered optimd, the critical factor controlling cell growth is the presence (or absence) of these
nutrients (Benefield 1985). At OU 8, the shallow Qva aguifer has an average C:N and C:Prétio of
8.25 and 199.5, respectively (EA 1999b). These dataindicate that the availability of nutrientsis not a
limiting factor for microbid growth.
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5.13.5 Daughter Product Analysis

Six chlorinated VOCs (DCA; 1,1,2-TCA,; trichloroethene; DCE; 1,2-dichloropropane; and carbon
tetrachloride) were detected in groundwater at OU 8. DCA was the most commonly detected
chlorinated VOC. DCA was detected in 46 wells, 1,1,2-trichloropropane was detected in 22 wells,
1,1,2-TCA and trichloroethene were detected in 18 wells, DCE was detected in 17 wells, and carbon
tetrachloride was detected in 9 wdlls throughout OU 8. Although the nature of the chlorinated solvent
releas(s) in the PWIA is not know, based on the industrid practicesat OU 8, it is reasonable to
assume that an isomer of TCA was the principle release chemicd. Evidence supporting this conclusion
includes:

. trichlorinated solvents were common degreasers used in the de-militarizing of wegpons
and vehicle servicing that were the dominant activities of SUBASE Bangor,

. trichlorinated solvents are more versatile in their genera indudtrid gpplication, and

. DCA istypicaly detected just downgradient from the reducing environmentsin the
centra PWIA where elevated TCA concentrations were detected.

DCA isthe primary product of reductive dechlorination of TCA. The presence of daughter products
and theratios of parent to daughter were compared to evaluate reductive dechlorination of TCA a OU
8. Figure 5-28 shows the TCA:DCA ratios for the shalow wellsin the on-base portion of OU 8. For
the purposes of this daughter product evauation, the base is divided into three separate regions:
upgradient, the centrd PWIA, and the base boundary.

Theratio of TCA:DCA equd to or greater than oneindicates that TCA is dill avallable for reductive
dechlorination. TCA:DCA ratio of less than one indicates that DCA is the dominant compound in
groundwater. As shown in Figure 5-28, TCA:DCA ratios are above one in the upgradient area of OU
8. Theratios drop sharply in the highly reduced zone of the centrd PWIA, where reductive
dechlorination of TCA occurs. Theratios dightly increase in the base boundary area downgradient of
the centra PWIA.

Among the fina degradation daughter products of chlorinated VOCs are ethene and ethane, but they
are difficult to detect due to their tendency to readily volatilize disspate within awell casing rather than
day in solution. However, ethene was detected in three monitoring wells within the PWIA (8MW24,
8MW48 and MWO05) at concentrations of 0.02 mg/L. Vinyl chloride, an intermediate degradation
product of chlorinated VOCs, has been rarely detected in OU 8 groundwater. Thisis because vinyl
chloride is generdly produced and persstsin highly reducing environments where there is little or no
subsequent mixing of oxygenated groundwater.

5.13.6 Contaminant Transport Model

A contaminant transport model was prepared as part of the Rl to evauate the processes of natural
attenuation on the predicted benzene and DCA concentrations in OU 8 groundwater. The mode
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was congtructed using both the groundwater flow computer program (MODFLOW) and the
groundwater solute transport computer program (MT3D). MT3D is used to smulate the changesin
concentration of a single dissolved contaminant through time. It is specificaly designed to interface with
MODFLOW to create a three-dimensiond groundwater flow and trangport model. The contaminant
trangport mode was executed using the processing software package GM S (verson 2.1). The current
contaminant trangport modd version 1V was executed under both pumping and non-pumping scenarios.
A secondary source for benzene wasincluded in Verson IV of the modd to account for the mass of
benzene partitioning to groundwater from LNAPL. Additionaly, a secondary source term for DCA
was mode ed to account for the consstent concentration of DCA in groundwater in the centrd PWIA.
Predictive smulations were executed for times 5, 10, 15, and 20 yearsinto the future (year 2002,
2007, 2012, and 2017). The input parameters for the MT3D groundwater model are summarized in
Table5-11.

Table5-11. MT3D Groundwater Model Input Parameters.

Parameter Units Layer 1 Layer 2 Layer 3 Layer 4 Layer 5
Effective Porosity (n)* % 10 10 1 0.1 1
Hydraulic Conductivity (K)* Ft/day | 4zones® | 5 zones’ 0.55 0.0053 0.55
Specific Yield / Storativity (S)? % 10 0.001 0.00016 | 0.00001 0.0001
Longitudina Dispersivity (D, )3 ft 50 50 5 1 5
Transverse Dispersivity (Dq)* ft 0.1AD, | 0.1AD, | 0.fD, | 0.1AD, | 0.1fD,
Vertical Dispersivity (Dy)° ft 0.01AD, | 0.01AD, | 0.01fiD, | 0.01AD, | 0.01fiD,
DCA K, ftlb 0.38 0.38 0.38 0.38 0.38
Benzene K. ft3lb 0.987 0.987 0.987 0.987 0.987
Organic Carbon (foc)* % 0.9 0.9 051 051 051
DCA K ftlb 0.0034 0.0034 0.019 0.019 0.019
Benzene K° ftelb 0.0088 0.0088 0.005 0.005 0.005
Soil Bulk Density* |bs/ft® 120 120 125 125 125
DCA 1% Order Decay?® 1/day 0.0025 0.0025 0.002 0.002 0.002
Benzene 18 Order Decay® 1/day 0.0038 0.0038 0.002 0.002 0.002

Value(s) obtained from Foster Wheeler (1996b, 1998a) and/or this OU 8 Remedial Investigation.

Estimated values obtained from Fetter (1988), and Domenico and Schwartz (1990).

Value obtained from Tennessee Valley Authority (1985) and/or Zheng (1995).

Value obtained from Mackay, Shiu, and Ma (1992).

Kq = Koceg foc

Layer 1 contains 5 zones of hydraulic conductivity decreasing towards the southeast: 50, 46, 11, 6, and 1.2 ft/day.
Layer 2 contains 6 zones of hydraulic conductivity decreasing towards the southeast: 50, 46, 23, 19, 10, 1.2 ft/day.
First order decay rate (k) isinput to MT3D using the following equation: k = 0.693/t?, or k=-1n(C./C.)/t?, where
t2=chemical haf-life, and C./C.=ratio of half-life concentration to initial concentration.

Additional Notes:
S Publishe{j values of decay rates and distribution coeffcients may vary over alarge range. The values selected
represen

0 N O Ol A W NP

Conservative estimates in the range. ) _
S Units of time mass, and length for MT3D input are days, pounds, and feet; respectively.
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The sdection of digtribution coefficients (K ;) and decay rates (k) for input to the model was based
upon published references including Mackay, Shiu and Ma (1992); Weiderner et a. (1996); Howard
(1989); and USEPA (1989). These references typicaly provide values, or ranges of values for the
organic carbon partition coefficient (K ) for various chemicals including DCA and benzene. The actud
K o Vaue selected for input to the modd 61.6 ml/g for benzene and 23.7 ml/g for DCA) represents the
average of numerous values obtained from different studies as reported by Mackay, Shiu and Ma
(1992). Smilarly, decay rates for DCA and benzene were caculated from published vaues of haf-life
in groundweater using the following equeation:

k = 0.693/t"2

The actual hdf-life salected (182 days for benzene and 279 days for DCA) was towards the upper
(higher or more conservative) end of the vaues reported by Mackay, Shiu and Ma (1992).

Results from the modd indicate that without implementing any active groundwater cleanup technology
or source control technology the predicted future concentrations of benzene and DCA in the off-base
portion of the Qva aquifer will be below 5 Fg/L in 10 years through naturd attenuation. Thereislittle
differencein predicted future concentrations or extent of benzene and DCA under pumping versus
non-pumping scenarios.

The mass ba ance of benzene and DCA in the transport model can be used to quditatively illudtrate the
remova efficiency of the P& T system and natural attenuation processes. Based on the results from the
model, the primary mechanism for benzene and DCA remova is through biodegradation. Groundwater
extraction wells, when active, account for gpproximately 25 percent of the DCA mass and
approximately 2 to 5 percent of the benzene mass that are removed through biodegradation.

The MT3D modd was run using benzene and DCA concentrations from groundwater samples
collected from monitoring wells at OU 8. These data were used because benzene and DCA are
spatidly disgtributed throughout the impacted groundwater and they define the extent of the plume. The
other COCs were not incorporated into the model because they were not detected throughout the
plume. These VOCs (EDB, dichloropropane, and toluene) have smilar properties to benzene and
DCA and are also biodegradable. DCA is the most recalcitrant constituent and therefore its decay rate
isthe time-limiting factor for remediation.
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6.0 CURRENT AND POTENTIAL FUTURE SITE AND RESOURCE USES

This section discusses the current and reasonable anticipated future land uses and current and potentia
beneficia groundwater uses at OU 8.

6.1 LAND USES

The OU 8 groundwater extends throughout the PWIA and on privately owned, off-base parcels of
property that are resdentid. The PWIA is primarily used as an indudtrial area by the Navy. SUBASE
Bangor's military mission is consdered critical to national security; it is therefore intended to remain a
military base indefinitey. Therefore it is anticipated thet the PWIA will remain in this use for the
long-term foreseegble future. Adjacent land uses are primarily resdentia uses.

6.2 GROUNDWATER USES

Severd private wells at individua residences have been identified as being completed within the
Shdlow Aquifer both within and downgradient of OU 8 (Figure 5-13). Indtitutiona controls have been
implemented to ensure that none of the private wells within OU 8 are used for drinking weter, athough
some private wells may be used for irrigation. The residents within or around OU 8 are currently
connected to the municipa water supply system. Because the public water supply is readily accessible,
al new resdentia developments will dso be connected to the municipa water supply, unless the Public
Hedth Didrict gpproves the use of well water.

The primary future beneficid use of the Shalow Aquifer of OU 8 isfor domestic water supply. Current
groundwater use restrictions by the Kitsap County Public Health Didtrict prohibit the use of exigting
wellsfor household purposes.
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7. SUMMARY OF SITE RISKS

The basdline risk assessment estimates risks posed by OU 8 if no action were taken. It provides the
bads for taking action and identifies the contaminants and exposure pathways that need to be
addressed by remedid action. This section summarizes the results of the baseline risk assessment for
OU 8. Human health risk assessments (HHRAS) and an ecological risk assessment were performed at
OU 8 as part of theRI.

Two human hedlth risk assessments were performed for OU 8. The origind risk assessment was
performed using soil and groundwater data collected during the remedia investigation between January
1995 and August 1996. This assessment is referred to as the 1995/96 risk assessment. The 1995/96
risk assessment assumed that receptors had unrestricted uses of groundwater. Unacceptable cancer
risks were estimated for future on-base residents, current off-base residents, and future off-base
residents associated with exposure to groundwater. Human hedlth risks from exposure to surface and
subsurface soils were within the EPA and MTCA acceptable ranges. Exposures to soil at the Site pose
No unacceptable risks to human receptors.

During the feasbility study, the risk evauations were updated using 1998 and 1999 groundwater data
collected during the on-going groundweater monitoring program. The updated risk evaluetion is referred
to as the 1998/99 risk assessment. It focuses on evauating risks to future off-base receptors through
groundwater pathway and assumed that future off-base receptors had unrestricted uses of
groundwater. Unacceptable cancer risks were estimated for future off-base residents.

No contaminants of potentia ecological concern exceeded risk-based screening concentrations for any
medium. Therefore, ecologica risks were not predicted.

The response action sdlected in this ROD is necessary to protect the public health or welfare or the
environment from actud or threatened releases of hazardous substances into the environment. Such a
release, or threat of release, may present an imminent and substantia endangerment to public hedlth,
welfare or the environment.

7.1 HUMAN HEALTH RISK ASSESSMENT

The basdline risk assessment evaduated potentid effects on human hedlth posed by exposure to
contaminants within OU 8. The basdline risk assessment was conducted in accordance with EPA
guidance and default assumptions, and was designed to provide a comprehensive assessment
summarizing al quantitative soil and groundwater risk estimates and associated COCs a OU 8. The
basdine risk assessment for OU 8 focused on hedth effects for both children and adults who might
drink contaminated groundwater used as a domestic water supply and on hedlth effects to adult
workers who might accidentally ingest contaminated soil. Because of the previous groundwater removal
efforts to provide municipa water supply connections to resdents in the immediate vicinity of the
groundwater plume, no one is currently being exposed to contaminated groundwater at levels above
hedlth concerns.
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The following four separate stepsin the risk assessment process were conducted for each of the two
assessments.

. Evduation of data and identification of COPCs,

. | dentification and quantification of COPC toxicity,
. Identification of exposure pathways and potentiad human receptors, and
. Characterization of potential human hedlth risksto current and future receptors.

7.1.2 Data Evaluation and I dentification of COPCs

Appendix B presents the exposure point concentration for each of the COPCs detected in soil and
groundwater during the 1995/96 human health risk assessment and how it was derived. The exposure
point concentration is the concentration that is used in the calculations to estimate the exposure and risk
from each COPC in soil and/or groundwater.

The 1995/96 human hedlth risk assessment identified nine COPCs in off-base groundwater, 29 COPCs
in on-base groundwater, and seven COPCsin on-base subsurface soil. The 1998/99 risk assessment
identified 12 COPCs in off-base groundwater. These COPCs were carried through the risk assessment
process. COPCs that presented an unacceptable risk to human health were then identified as COCs.
Table 5-8 lists the COCs from the 1995/96 and 1998/99 human hedlth risk assessments and the
potential chemical-specific ARARs.

7.1.3 Toxicity Assessment

Toxicity assessment is the process of characterizing the relationShiu between the dose of achemicd
and the anticipated incidence of an adverse hedth effect. A toxicity assessment presents available
toxicity gods developed by EPA for evauation of the potentia risks from exposure to toxic chemicas.
The toxicity information was obtained from the Integrated Risk Information System (IRIS), Hedth
Effects Assessment Summary Tables (HEAST), and provisond vaues provided by the Superfund
Technica Support Center.

For risk assessment purposes, chemica effects are separated into two categories of toxicity:
noncarcinogenic effects and carcinogenic effects. Cancer and noncancer toxicity data for the
ord/derma and inhaation pathways in soil and groundwater are not summarized here, but are
presented in the baseline risk assessment contained in the Rl and FS reports. Tables 7-1 and 7-2
summarizes the noncancer and cancer toxicity datafor COCsidentified in the 1995/96 and 1998/99
risk assessments.

7.1.4 Exposure Assessment

An exposure assessment was conducted to identify exposure pathways and potential receptors, and
quantify exposure pathways at OU 8. Future land use for the PWIA will most likely be amilar to
current conditions. Construction workers and on-base resdents are the most likely potentia future
receptors who could be exposed to on-base contaminants in soil and groundwater. Future uses of the
Mountain View neighborhood could differ congderably from
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current resdentia uses. To be protective of human hedth and the environment, it was conservatively
assumed for the human hedlth risk assessments that the future land uses of the Mountain View
neighborhood remain residentia. Table 7-3 summarizes potentially complete exposure pathways
identified for potentia receptors at OU 8. These pathways are depicted in the Ste conceptual model
shown in Figure 5-25. The 1998/99 risk assessment only considered the exposure pathway for future
off-base residents.

7.1.5 Risk Characterization

Risk characterization is defined as the nature and magnitude of potentid human hedlth risks including
their inherent uncertainty. For carcinogens, risks are generaly expressed as the incrementa probability
of anindividud’s developing cancer over alifetime as aresult of exposure to the carcinogen. Excess
lifetime cancer risk is calculated from the following eqution:

Risk = CDI x SF

where:
risk "  aunitless probahility (eg., 2x10° or 2 in 100,000) of an individud’s
developing cancer
CDI = chronic daily intake averaged over 70 years (mg/kg-day)
SF "  carcinogenic slope factor, expressed as (mg/ kg-day)-

Therisks are probabilities that usually are expressed in scientific notation (e.g., 1 x 10° or 1in
100,000). An excess lifetime cancer risk of 1x10° or 1 in 1,000,000 indicates that an individua
experiencing the reasonable maximum exposure estimate has a 1 in 1,000,000 chance of developing
cancer as aresult of Ste-related exposure. Thisisreferred to as an “excess lifetime cancer risk”
because it would be in addition to the risks of cancer individuals face from other causes such as
smoking, or exposure to too much sun. The chance of an individuas developing cancer from al other
causes has been estimated to be as high as one in three. EPA’ s generdly acceptable risk range for
site-related exposuresis 1x10* to 1 x10° (1in 10,000 to 1 in 1,000,000). Based on the MTCA, for
stes involving multiple chemicas and multiple pathways of exposure, the total excess lifetime cancer
risk shall not exceed 1x10° (1 in 100,000).

Noncarcinogenic hedth effects are evauated by comparing an exposure level over a Specified time
period (eg., life-time) with areference dose (RfD) derived for asimilar exposure period. An RfD
represents alevel that an individua may be exposed to that is not expected to cause any deleterious
effect. Theratio of exposure to toxicity is caled a hazard quotient (HQ). An HQ of Iessthan one
indicates that a receptor’ s dose of asingle contaminant is less than the RfD, and that toxic
noncarcinogenic effects from that chemica are unlikely. The Hazard Index (HI) is generated by adding
the HQsfor dl chemical(s) of concern that affect the same target organ (e.g., liver) or that act through
the same mechanism of action within a medium or across dl media to which agiven individua may
reasonably be exposed. An HI of less than one indicates that, based on the sum of al HQs from
different contaminants and exposure routes, toxic
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noncarcinogenic effects from al contaminants are unlikely. An HI of greater than one indicates that
Ste-rdated exposures may present arisk to human hedlth.

The HQ is cdculated asfollows:
HQ = CDI/RfD

where:
CDI *® Chronic daily inteke
RfD " reference dose

CDI and RfD are expressed in the same units and represent the same exposure period (i.e., chronic,
subchronic, or short-term).

Sites posing a cumulative lifetime excess cancer risk of | x 10 (1 in 10,000) or less may not pose an
unacceptable cancer risk and may not require remedid activities. Under most Situations, cancer risksin
the range of 1x10* to 1x10° and non-cancer hazard indices of one or less are considered to be
acceptable. The EPA’ s Risk Assessment Guidance for Superfund (RAGSs) states that a HI greater than
one indicates the potentia for adverse non-cancer effects. Based on the MTCA for Stesinvolving
multiple chemicas and multiple pathways of exposure, the total excess lifetime cancer risk shdl not
exceed 1x107° (1in 100,000) and the HI shall not exceed one. Under the State of Washington
regulations, risks above this range are generdlly considered unacceptable, in which case remediation
may be required.

7.1.6 1995/96 Human Health Risk Assessment Conclusions

Tableswithin Appendix B provide a summary of the COPC sdlection process and statistics that serve
asthe basisfor risk estimates for al exposure pathways. The risk estimates are based on areasonable
maximum exposure following EPA guidance and standard default assumptions.

Future On-Base Construction Workers

Unacceptable cancer risks or adverse hedlth effects other than cancer were not identified for future
on-base congtruction workers. There are no unacceptable cancer risks associated with exposure to soil
at the site for future on-base congtruction workers.

Future On-Base Residents

For afuture on-base resdent using contaminated groundwater from the Shalow Aquifer as a primary
water source, Sgnificant risk would be anticipated from ingestion of chemicasin groundweter. The
excess lifetime cancer risk to future on-base child and adult residents is 2x102. The mgjority of excess
cancer risk is attributed to concentrations of benzene, EDB, and DCA in groundwater. The His for
future on-base child and adult resdents are 92 and 53, respectively. The COC contributing most to the
tota HI is benzene, which has both cancer risk and adverse hedlth effects.
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Current Off-Base Residents

The excess lifetime cancer risk for current off-base child and adult residents are 3x10* and 7x10%,
respectively. The mgority of this excess cancer risk is atributed to concentrations of
bis(2-ethylhexyl)phtha ate and benzene in groundwater. Ingestion of livestock fed on cropsirrigated
with contaminated groundwater was the exposure pathway contributing most to the estimated cancer
risks. Other completed exposure pathways include inhalation of fugitive dusts and or particulates from
surface soil irrigated with potentialy contaminated groundwater and inhalation of vocatives from
groundwater during irrigation. The hisfor current off-base child and adult resdents are 5 and 6.5,
respectively. The COC contributing most to the His is big(2-ethylhexyl)phthalate.

Future Off-Base Residents

The excess lifetime cancer risk for future off-base child and adult residents are 4x10** and 1x10°,
respectively. The mgority of excess cancer risk is attributed to concentrations of benzene, and
bis(2-ethylhexyl)phthdate in groundwater. Ingestion of groundwater, ingestion of crops irrigated with
groundwaeter, and ingestion of livestock fed on crops irrigated with contaminated groundwater were the
expaosure pathways contributing most to the estimated cancer risks. The total HIS for future off-base
child and adult resdents are 5.6 and 6.5, respectively. The COCs contributing most to the total HIS
are benzene and big(2-ethylhexyl)phthal ate.

7.1.7 1998/99 Human Health Risk Assessment Conclusions

The 1998/99 risk assessment re-considered potential human hedlth risks to the futur e off-base
residents using a reasonable maximum exposure following EPA guidance and sandard default
assumptions. The excess lifetime cancer risk for future off-base child and adult residents are 3x10* and
4x10*, respectively. The mgjority of excess cancer risk is attributed to concentrations of
bis(2-chloroethyl) ether in groundwater. Ingestion of groundwater was the exposure pathway
contributing most to the estimated cancer risks. The His for future off-base child and adult resdents are
0.33 and 0.36, respectively.

Tables within Appendix C provide asummary of the COPC sdlection process and datistics that served
asthe basisfor the risk estimates for all exposure pathways. The risk estimates are based on a
reasonable maximum exposure and were developed by taking into account various conservative
assumptions about the frequency and duration of exposure to soil and groundwater, as well asthe
toxicity of the COPCs.

7.1.8 Uncertaintiesand Limitationsin Estimating Health Risks
Uncertainties associated with the risk assessment include:

Sampling and anaytical methods,

Sample location and number of samples,

Assumption that chemica concentrations remain constant over time,

Use of conservative assumptions with regard to exposure parameters and toxicity
values,

DO OO O
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C Useof fate and transport modeling to estimate chemica concentrationsin other
media, and,
C Theassumption of additive risk for similar toxicological effects.

During the 1998/99 risk assessment, SVOCs were andyzed in groundwater samples collected from
wells located at the base boundary and off-base. A single detection of SV OC was identified from a
well located at the base boundary. The infrequent detection and the nature of the SV OC detected
results in uncertainty in the risk estimations. The nature and extent of SV OC do not indicate any rdation
to the Navy’ s activities and do not appear to correlate to a specific contaminant plume or source.

To evauate the pathway associated with groundwater under future site conditions, the concentrations
present in groundwater were used to represent exposure point concentrations throughout the duration
of exposure. No changesin concentrations as a result of natura attenuation or trestment processes
were consdered. Impacted groundwater in its present state is unlikely to be used as a potable water
source unless groundwater conditions improve. Consequently, the estimated carcinogenic risks and
non-carcinogenic health effects from ingestion of chemicalsin groundwater may be overestimated.

Although there are uncertainties associated with the human hedlth risk assessment, it is expected that the
risks presented are conservative and actua risks may be lower than those estimated in this assessment.

7.2 ECOLOGICAL RISK ASSESSMENT

The ecological risk assessment evauates the likelihood that adverse ecological effects may occur or are
occurring as aresult of exposure to one or more releases at the Ste. The objective of the ecological risk
assessment was to estimate potentia impacts to ecological receptors at the Site. The estimate of
potential impacts was based on sampling and analyses conducted during the remedia investigations.

A Tier | screening level ecological risk assessment was performed as part of the OU 8 RI. Therisk
assessment presents a comparison of contaminant concentrations in off-base surface seep water, seep
sediment, ponded irrigation water, and irrigated soil to chemica-gpecific risk-based screening
concentrations. Maximum detected chemical concentrations were used as exposure point
concentrations in seep water and sediment. Analytes detected in groundwater were used in an irrigation
model to caculate the maximum concentrations of contaminants in ponded irrigation water and irrigated
soil. Surface water and sediment risk-based screening concentrations were chosen for aguatic and
sediment-dwelling species (i.e,, fish, invertebrates, and plants) from available literature, while soil and
drinking water risk-based screening concentrations for wildlife functiond groups (smal mammals,
song/perching birds, waterfowl, raptors) were derived using conservative alometric exposure modds.
Measured and modeled exposure point concentrations were then compared to the risk-based screening
concentrations for each media
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The contaminated groundwater of OU 8 Shallow Aquifer does not discharge to surface water.
Groundwater seep and sediment samples were collected from three locations dong Clear Creek
(Section 5.9.3), and no VOCs or SVOCs were detected at concentrations exceeding the MTCA
Method B or the RBSCs. Because there are no contaminants of potential ecological concern which
exceeded RBSCs for both seep and sediment samples, ecological risks were not predicted.
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8. REMEDIAL ACTION OBJECTIVES

Remedid action objectives (RAOs) provide agenerd description of what the cleanup action will
accomplish. RAOs were developed based on findings of the risk assessment by taking into
consideration overall risk management objectives. Specific RAOs developed for OU 8 are focused on
addressing unacceptable human hedlth risks posed by exposure to the identified COCs, exposure
pathways, and environmenta media. These RAOs sat goas to be accomplished by remedid actions.
This ROD does not present specific RAOs for soil cleanup, because soil presents no risk to human
hedlth and will be addressed through the groundwater cleanup goas. RADS devel oped for OF 8 and
how they can be achieved are summarized below.

RAO How Selected Remedy AchievesRAO
C  Minimize the migration of VOCs from C  Free- Product Recovery (FPR)-physicaly
LNAPL benegth the PWIA into removes LNAPL beneath the PWIA.

groundwater a concentrations that would C

) Remova of LNAPL will reduce an ongoing
cause adverse non-cancer risks.

source for groundwater contamination and
reduce the source of residua soil
contamination. After the LNAPL has been
removed as much as practicable, natura
attenuation and biodegradation may reduce
the resdud contamination in soil.

C  Minimize human exposureto COCsindte- [C  Ingtitutiona Controls (ICs) (off base) —

wide groundwater that would result in prohibit the use of groundwater until MCLs
adverse non-cancer hedlth effects or are reached and provide an aternate water
unacceptable cancer risks. upply.

C ICs(onbase) — SUBASE Bangor
Ingtitutional Control Management Plan
(ICMP) prohibit the use of groundwater
and ingdlation of groundwater wellsin OU
8 Shdlow Aquifer.

C  MNA —dedruction of contaminantsin ste-
wide groundwater.

In sdlecting a cleanup leve, the Navy considered the future on-base and off-base land use, the risks to
human hedlth, and the applicable MTCA regulation (WAC 173-340-720[3][4][ii][B]). The Navy
primarily usesthe PWIA asan indudtrid area. SUBASE Bangor’s military mission is consdered critical
to nationd security; it is therefore intended to remain amilitary base indefinitely. Therefore, it is
anticipated that the PWIA will remain in this use for the long-term foreseeable future. Off-base adjacent
land uses are primarily resdential and are expected to remain resdentid.
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On the basis of the basdline risk assessment, risks from COCs in groundwater were identified at levels
that exceed the EPA risk threshold and may, therefore, pose a potentid threat to human hedlth. The
NCP requires that excess lifetime cancer risk at a site not exceed the range of 1x10° to 1x10“. The
State of Washington MTCA is more stringent and requires that this excess lifetime cancer risk not
exceed 1x10°,

Based on the risk assessments, unacceptable human hedth risks exceeding the EPA and MTCA ranges
were identified for exposure to contaminated groundwater at OU 8. Human health risks from exposure
to surface and subsurface soils were within the EPA and MTCA acceptable range. There are no
unacceptable risks to human receptors from exposure to COCs in soil at the Site.

The 1995/96 risk assessment identified the occurrence of SVOCs a concentrations that could result in
unacceptable cancer risks or adverse hedth effects upon bicaccumulation into the human food chain.
During the 1998/99 risk assessment, SVOCs were andyzed in groundwater samples collected from
wellslocated at the base boundary and off base. A single detection of SVOC was identified in the well
located at the base boundary. The infrequent detection and the nature of the SVOC detected resultsin
uncertainty in the risk estimations. The nature and extent of SVOC do not indicate any relaion to the
Navy’s activities and do not appear to corrdate to a specific contaminant plume or source. Therefore,
there are no RAOs developed to address SV OC in groundwater.

8.1 SOIL

Petroleum contaminated soil beneath the PWIA service station was identified as a media of concern for
human hedlth risks solely due to itsimpact on groundwater. The Navy has successfully addressed the
contaminated soil from surface to a depth of 15 feet bgs under the SUBASE Bangor UST program.

In December 1999, confirmatory soil samples were collected beneeth the PWIA service dationto a
depth of 15 feet bgs. The resultsindicated that the soil has been remediated to meet Ecology’ s cleanup
standards. In February 2000, Ecology notified SUBASE Bangor that no further action is
necessary to cleanup the soil beneath the PWIA service station to a depth of 15 feet bgs.

There are no human hedlth risks related to exposure to contaminated soil beneath the PWIA service
dation. In addition, a soil remova action to address contamination at these depths within the confines of
aheavily developed PWIA would be extremdy difficult, costly, and would not significantly minimize
further groundwater contamination. The LNAPL found at the Site presents an ongoing source of
contamination to groundwater and resdua soil from 15 feet bgs to groundweter. The ingalation and
operation of afree-product recovery system would reduce the ongoing source of groundwater
contamination on base and off base and would reduce the source of resdud soil contamination on Site.
After the LNAPL has been removed to the extent practicable, the groundwater cleanup remedy will
remain in place until the groundwater meets cleanup godals, a which time the resdua soil contamination
will no longer represent a source or
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pose athreat to groundwater quaity. Accordingly, there are no RAOs for resdua contaminantsin soil.
8.2 GROUNDWATER

For OU 8, the chemicd-specific cleanup levels for groundwater are shown in Table 8-1 and were
determined as specified in MTCA Cleanup Regulations [WAC 173-340-720 (3) (a) (ii) (B)].
Specifically, the cleanup levels for the remedia action a OU 8 are: benzene, 5 Fg/l; 1,2-dichloroethane
(1,2-DCA), 5 Fg/l;1; dibromoethane (EDB), 0.000515 Fg/l; 1,1-dichloroethene (1,1 -DCE), 0.0729
Fg/l; and toluene, 1000 Fg/l. Because the cleanup levelsfor EDB and 1,1- DCE are below
concentrations normaly measurable in lab analyss a the time of this ROD, evaudtion of the remedid
action’s compliance with the cleanup levels for EDB and 1,1-DCE will be based upon the practical
quantitation limit. Compliance with the deanup levels for each of the chemicas listed above will be
attained in groundwater throughout OU 8.

Cleanup goa's have been established for the primary COCs and other COCs that have been detected
at concentrations exceeding the cleanup criteria as determined by groundwater data evauated for the
1995/1996 and 1998/99 risk assessments (Table 8-1). The cleanup goa for OU 8 groundwater isto
achieve the federd drinking water maximum contaminant level (MCL) where the MCL resultsinrisks
that do not exceed the MTCA risk standards of 1x10° cancer risk and the hazard quotient (HQ) of 1.0
when calculated using the MTCA Method B equation [WAC 173-340-720 (3) () (ii) (B)].

Off-Base Groundwater

Given that the primary future beneficid use of OU 8 Shdlow Aquifer isfor domestic water supply and
that the future land use of the off-base portion of OU 8 will remain residentia, the Navy established an
initid cleanup god for off-base groundwater. The initid cleanup god isto apply the MNA remedy to
achieve the drinking water sandards (MCLSs) in the off-base portion of OU 8 within aten year period
(modeling data) or 2008. The Navy will use existing monitoring wells located &t the base boundary and
off base to evaluate the progress of the sdlected remedy in achieving the initial cleanup god. Off-base
inditutional controlswill be implemented until the contaminant concentrations in the off-base
groundwater are below the drinking water sandards (M CL s). However, groundwater monitoring of
COCsfor compliance with cleanup standards will be continued until the cleanup standards are met.

On-Base Groundwater

In the human health risk assessment, the Navy considered future on-base residents and construction
workers as potential receptors of concern on base. The future resident receptor scenario is
conservaivein terms of protection to human hedlth, because the current and future land use for the Site
isindustrid. The exposure pathways for these receptors included ingestion of, and dermal contact with
contaminated groundwater during irrigation of soils; ingestion of plants (i.e., consumable vegetation
crops) irrigated with contaminated groundwater and ingestion of anima tissue that could consume
vegetation and ingest soils irrigated with contaminated
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groundwater. The results of the human health risk assessment indicated that on-base groundwater
containing benzene, bis(2-ethylhexyl)phthdate, toluene, EDB, DCE, and DCA poses a potentia hedlth
risk to future residents. The cleanup goa for on-base groundwaeter isto achieve the cleanup standards
shown in Table 8-1 which are based upon the MTCA Method B equation [WAC 173-340-720 (3) (a)
(i) (B)]. Table D-1, presented in Appendix D, shows the how these cleanup standards were derived.
Groundwater samples from selected on-base monitoring wells will be evauated to determine the
progress of the selected remedy. |Csimplemented on base include prohibition of ingtaling drinking
water wells within the entire OU 8 site. On-base indtitutiond controls will be implemented until the
contaminant concentrations in the on-base groundwater are below the MCLs.

8.3 PETROLEUM SOURCE CONTROL

The LNAPL presents an ongoing source of contamination to groundwater and resdual soil. Removal of
LNAPL to the extent practicable will address the principa threst and minimize the migration of VOCs
to groundwater. The practicable endpoint for remova of LNAPL will be defined on amonthly average
recovery over aone-year period. The Navy has proposed a quantity of 0.5 gallons per month,
cumulative from al wells connected to the recovery system, over a one-year period as the practicable
endpoint. If the recovery rate decreases to the practicable endpoint, post recovery monitoring will be
initiated to gauge the residua product thickness in recovery wells and monitor adjacent wells for
product. The gatus of the groundwater cleanup goas will be evduated within the 5-year review
process.

8.4 INSTITUTIONAL CONTROLS

| Cs have been implemented to prevent current and future off-base residents and future on-base
residents from exposure to groundwater benesth the site by preventing the use and consumption of
groundwater.

The Navy implemented |1Cs as part of the voluntary time-critical remova action in 1995. Off-base ICs
consst of negotiated water use agreements with private land owners. These agreements prohibit
ingdlation of water supply wells and prohibit household use of groundwater in the Mountain View
neighborhood. As part of the 1995 time critical remova action, the Navy connected the Mountain
View resdentsin the impacted areato amunicipa water supply to prevent exposure.

On-base ICs include prohibitions on ingtaling water supply wells within the Shallow Aquifer benegth
and subjacent to the OU 8 boundary area, protection of existing monitoring wells, and ensuring the
integrity of al remedy components. Deed regtrictions will gpply to the land in the event of property
transfer to anon-federa entity. These controls will be implemented by an Indtitutional Control
Management Plan (ICMP).

The ICMP will identify al areas subject to the inditutiona controls selected in the ROD; identify the
objectives of the ICs; specify the anticipated time frames that ICs are to remain in effect, identify
incongstencies with the I Cs objectives or protectiveness criteriaand establish a
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procedure to avoid/prevent such activities. The Navy will prepare an annua monitoring report that
includes information such as current land users and uses, field inspection, records review and process
review of monitoring the ICs. The annua monitoring report will provide a description of how facility
wide requirements are met, including a checklist identifying results of field inspections, and
documentation of any failures. The monitoring report will aso identify if 1Cs are being met, and will
describe any deficiencies that affect the protectiveness of the remedy and efforts taken, if any, to
correct these deficiencies.

Ingtitutiona control will be administered by the federa government while it owns the property. In the
event of transfer of the property, it will be necessary to include deed or land use regtrictions to
implement the indtitutional controls. Deed restrictions cannot be placed on the property until transfer of
the property. Upon transfer of the property, notification of the history of the site will be attached to any
property transfer, which would have to meet the requirements of CERCLA Section 120(h).

The Navy is seeking Generd Services Adminigtration (GSA) approva of deed restrictions that will be
included in the conveyance document to effectuate the ROD in the event of transfer of the property to a
non-federd entity. Such deed redtrictions will address any limitsto remain in effect after the time of
transfer to redtrict land use, redtrict the use of groundwater, and manage excavation. The deed
covenants will aso include provisions addressing the continued operation, maintenance, and monitoring
of the selected remedy.
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9. DESCRIPTION OF ALTERNATIVES

This section provides a brief description of the aternatives developed for OU 8. The Navy identified
and evaluated various groundwater cleanup technol ogies based on their ability to contral the
contaminant source, to remove contaminants from groundwater, and to prevent human exposure to
contaminated groundwater. Technologies that are effective and implementable were retained for
incluson in cleanup dternatives. The retained cleanup technologies are:

Ingtitutiona controls (ICs)

Long term monitoring (LTM)

Monitored naturd attenuation (MNA)

Soil vapor extraction (SVE)

Reduction/oxidation (Redox) manipulation (RM)
Free-Product Recovery (FPR)

Pump and treat (P& T)

DD OO OO,

Each of these technologies is described in the dternative descriptions below. These technologies were
assembled into five different dternatives to provide redistic options that could be implemented based
on the information gathered during the feasibility study. The no action dternative was dso evauated to
form a basdline for comparing the other aternatives.

Thus, six remedid action aternatives were developed for OU 8. Alternatives were assembled to
represent varying levels of remedid action ranging from “no action” to treatment of chemicas of
concern. Tota costs presented bel ow represent the present worth costs for ten years assuming afive
percent discount factor. ARARS that each cleanup dternative will attain are dso discussed in this
section. Theterm Mgor ARARS s being used to identify those ARARS that provide a basis for
developing an dternative (e.g., cleanup levels for groundwater resources) or ARARS that help
distinguish between dternatives.

9.1 ALTERNATIVE 1: NOACTION

This dternative is used to evauate future conditions a OU 8. The No Action dternative provides a
useful basdine for comparing the effectiveness of other dternatives. Under the No Action dternative
groundwater contaminants at OU 8 would continue to spread to uncontaminated areas. The no action
dterndive assumes aminima capita cost of $230,000 to abandon the exigting P& T and SVE systems.
There are no operation and maintenance (O& M) costs associated with this dternative. By definition, no
time would be needed to implement this dternative.
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9.2 ALTERNATIVE 22 LTM+P&T+SVE+IC

The mgor components for this aternative include groundwater monitoring, groundwater containment,
vadose zone soil treetment, and indtitutiona controls.

Treatment Components

C

SVE would remove soil vapor benegth the centrd PWIA. Soil vapor containing high
VOC concentrations would be extracted from the existing SVE system and SVE
network of wellsthat were ingalled in 1994. The extracted vapors would be treated
using a catalytic oxidizer before being discharged to the aimosphere. Air emissons from
this process would contain low levels of VOCsthat are not expected to require
additional trestment.

Containment Components

C

P& T would hydraulicaly control the groundweter flow and would prevent further
off-base migration of groundwater plume. However, P& T would not address
contaminants that have migrated off base. Groundwater would be pumped from two
extraction wellslocated at the base boundary and treated in an air stripper tower. The
treated water would be reintroduced into the Shdlow Aquifer. Air emissons from this
process would contain low levels of VOCs that are not expected to require additiona
treatment. The P& T system would operate at 90 gpm.

General Components

C

LTM would be used to monitor the movement of contaminants in groundwater and to
monitor the effectiveness of SVE and P& T systems. Groundwater samples would be
collected from existing monitoring wells located on- and off-base on a quarterly basis,
with the potentia to reduce the frequency at alater time, if warranted. Groundwater
samples would be analyzed for VOCs that include the COCs. Groundwater monitoring
would be continued until contaminant concentrations are below the cleanup gods.

Ingtitutional Controls (1Cs) have aready been implemented to prevent human exposure
to contaminated groundwater by preventing the use and consumption of untreated
groundwaeter. Off-base ICsinclude: (1) prohibition on water supply well ingtalation
within OU 8 into the Shdlow Aquifer, and (2) negotiated water use agreements with
private landowners in the Mountain View neighborhood to provide an dternate water
supply. As part of the voluntary time-critical remova action in 1995, the Navy
connected the Mountain View resdentsin the impacted

Alternative 1 (NO Action) Alternative 2 (LTM+SVE+P& T+IC) Alternative 3 (MNA+RM+IC)
Alternative 4 (MNA+FPR+IC) Alternative 5 (MNA+SVE+IC) Alternative 6 (LTM+FPR+SVE+IC)
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areato amunicipa water supply to prevent human exposure to contaminated
groundwater. The Navy paid the cost of an estimated 3-year water service on a
one-time lump sum basis. Thereis no plan for the Navy to connect additiond private
properties to the municipa water supply. The water use agreement is recorded with
the Kitsap County Auditor office and isalega agreement that “run with the land” and
islegdly binding to subsequent private property owners. The Navy will notify the
Kitsap County Hedlth District when the off-base groundwater is cleaned up to the
drinking water dandards. The Hedth Didrict will determine if groundwater is safe for
human consumption. On base, the Navy will implement a SUBASE Bangor
Ingtitutional Controls Management Plan (ICMP) that prohibits ingtdlation of weter
supply welswithin OU 8 into the Shdlow Aquifer.

. Implementation of this dternative does not pose any unusua or extraordinary
conditions. The recovery wells have dready been ingdled. This dternative could be
implemented using standard methods and equipment that are reedily available.

Major ARARs

. The COCs identified in the risk assessments have federal and state chemical-specific
cleanup levels (Table 8-1). OU 8 groundwater will be trested and monitored until the
cleanup gods are met (Table 8-1). Given that the primary future beneficia use of OU
8 Shdlow Aquifer isfor domestic water supply and that the future land use of the
off-base portion of OU 8 will remain resdentid, the Navy is establishing an initid
cleanup god for off-base groundweter. Thisinitia cleanup god isto achieve the
drinking water slandards (MCLs or MTCA Method B cleanup levels) in off-base
groundwater. Off-base indtitutiona controls will be implemented until the drinking
water standards are reached in the off-base groundwater. The results of the RI report
indicated that there is very little difference between the remova of benzene and DCA
under pumping or non-pumping scenarios. The existing groundweter extraction system
prevented downgradient migration of contaminants, however removed only small
amounts of the contaminants as compared to the ongoing natura attenuetion. The
Navy anticipates that the time frame to achieve the cleanup god for natura attenuation
will be by the year 2008. The progress towards the initia cleanup god will be
monitored using wells located at the base boundary and on Mountain View Road.

. If necessary, off-gas emissions from the air stripper of the P& T system and the
catdytic oxidizer of the SVE system would be trested to meet requirements of the
Clean Air Act (CAA) and the Puget Sound Clean Air Agency (PSCAA). Wastes
(e.g., purge groundweter) generated during the implementation of the cleanup

Alternative 1 (No Action) Alternative 2 (LTM+SVE+P& T+IC) Alternative 3 (MNA+RM+IC)
Alternative 4 (MNA+FPR+IC) Alternative 5 (MNA+SVE+IC) Alternative 6 (LTM+FPR+SVE+IC)
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aternative would be disposed of in accordance with the Resource Conservation and
Recovery Act (RCRA) Hazardous Waste requirements, if necessary

9.3 ALTERNATIVE 3: MNA+RM+IC

The mgor components for this aternative include naturd attenuation, groundwater treatment, and
inditutiona controls.

Treatment Components

. Contaminant concentrations and geochemica parameters in groundwater would be
monitored to document the rate of natura attenuation. Natura attenuation processes
include chemica (biodegradation, chemica and biochemica gtabilization) and physica
processes (digpersion, dilution, sorption, and volatilization). As discussed in detall in
the Feasibility Study, a two-phase groundwater investigation was conducted a OU 8
expresdy to evauate whether natura attenuation was taking place and if the conditions
arefavorable for it to continue. The investigations assessed plume ability,
groundwater chemica conditions, presence of nutrient and food sources (contaminants
being the food for microorganisms), and the presence of “daughter” or degradation
products from the chemicas being degraded. The conclusions are that naturd
attenuation is taking place and conditions are quite favoradle for it to continue. The
presence of DCA isaprimary example of how the natura biologica process of
reductive chlorination has degraded trichloroethane (an industrid solvent) to the
“daughter product” of DCA. Further reductive chlorination transforms the DCA to
chloroethane and findly ethane (ethanal). Groundwater monitoring and modeing have
indicated that the benzene and DCA concentrations at the base boundary and in the
Mountain View neighborhood are expected to attenuate to levels below drinking water
standards by the year 2008.

. RM would be used to increase the dissolved oxygen and simulate the biologica
activity of microorganismsin groundweter. For Alternative 3, ten bio-sparging wells
would be ingtaled at the base boundary. At thislocation, the surface topographic
elevation islow, which suggests a likely location of groundweter recharge. A pilot test
would be required to determine whether RM (bio-sparging) can be implemented and if
0, to determine the find design parameters of the system.

General Components

. Groundwater sampling will be used to monitor the movement of contaminantsin the
groundwater and to monitor the effectiveness of natura atenuation.

Alternative 1 (No Action) Alternative 2 (LTM+SVE+P& T+IC) Alternative 3 (MNA+RM+IC)
Alternative 4 (MNA+FPR+IC) Alternative 5 (MNA+SVE+IC) Alternative 6 (LTM+FPR+SVE+IC)
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Monitoring would be conducted using existing on-base and off-base monitoring wells.
It is estimated that 20 wells would be sampled and andyzed in each sampling event.
Sampling would initidly be conducted on a semiannud bas's, with the potentid to
reduce the frequency at alater time, if warranted. Groundwater samples would be
andyzed for VOCs and naturd attenuation parameters. Groundwater monitoring
would be continued until contaminant concentrations are below the cleanup levels.

. Groundwater sampling results will be used to verify that natura attenuation is reducing
contaminant concentrations in OU 8 groundwater at arate that will meet the cleanup
godl. If, during subsequent reviews, sampling results indicate that contaminant
concentrations in groundwater are not being reduced through natura attenuation, prior
to movement off base, the existing P& T would be used to contain the portion of the
groundwater plume on base. MNA would be continued until contaminant
concentrations are below the cleanup levels.

. Ingtitutional controls as described in Alternative 2 would be implemented as part of this
dternative.
. Implementation of this dternative does not pose any unusua or extraordinary

conditions. This dternative could be implemented using standard methods and
equipment that are readily available. However RM may be difficult to implement over
large areas because of the potentia for redtrictions on air flow through the aguifer
related to the heterogeneity of soils and preferentid pathways of the more permesble
soil. It is estimated that enhancing naturd attenuation would reduce contaminant
concentrations in the off-base Shalow Aquifer to levels below the drinking water
standards by the year 2008. Groundwater data at OU 8 indicate that natural
attenuation istaking place. The data indicate that contaminant concentrationsin the
off-base portion of OU 8 have been decreasing and that the horizontal extent of the
contaminant plume has not increased during the last five years.

Major ARARs

. The COCs identified in the risk assessments have federal and state chemical-specific
ARARs. Theremedy will bein place until the OU 8 achieves the cleanup levels (Table
8- 1). Given that the primary future beneficid use of OU 8 Shdlow Aquifer isfor
domestic water supply and that the future land use of the off-base portion of OU 8 will
remain resdentid, the Navy established an initid cleanup god for off-base
groundwater. Theinitia cleanup god isto apply MNA to achieve the drinking water
gandards (MCL) in off-base groundwater. Off-base indtitutional controls will be
implemented until the drinking water Sandards are

Alternative 1 (No Action) Alternative 2 (LTM+SVE+P& T+IC) Alternative 3 (MNA+RM+IC)
Alternative 4 (MNA+FPR+IC) Alternative 5 (MNA+SVE+IC) Alternative 6 (LTM+FPR+SVE+IC)
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reached in the off-base groundwater. The Navy anticipates thet the time frameto
achieve the cleanup god for natura attenuation will be accomplished by the year
2008. The progress towards the initia cleanup god will be monitored using wells
located at the base boundary and on Mountain View Road.

9.4 ALTERNATIVE 4. MNA+FPR+IC

The mgor components for this aternative include naturd attenuation monitoring, source remova by
free-product recovery, and indtitutional controls.

Treatment Components

. Contaminant concentrations in groundwater will be dlowed to naturaly attenuate as
described in Alternative 3.

General Components

. MNA as described in Alternative 3 would be implemented as part of this dternative.

. FPR would remove the LNAPL in the PWIA service gation areg, which isthe
principal threat to OU 8 groundwater. The LNAPL would be removed by an active
skimming method. A portion of the volume of LNAPL will be consdered recoverable
fud. The FPR system would be ingdled in existing monitoring wellswhere LNAPL is
present. Based on field measurements and the extent of LNAPL beneeth the PWIA, it
is estimated that a maximum of 13,000 gdlons of LNAPL remains undernegth the
PWIA. The LNAPL will be recovered until the practicable endpoint (atotal recovery
rate of 0.5 gdlons per month for aone year period) is achieved.

. Recovered LNAPL would be recycled by re-using as fuel or disposed of aswaste

oil/petroleum.

. Ingtitutional controls as described in Alternative 2 would be implemented as part of this
dternative.

. Implementation of this dternative does not pose any unusua or extraordinary

conditions. This dternative could be implemented using standard methods and
equipment that are readily avaladle. It is estimated that naturd attenuation would
reduce contaminant concentrations in the off-base Shallow Aquifer to levels below the
drinking water standards by the year 2008. Groundwater data at OU 8 indicate that
naturd attenuation istaking place. The dataindicate that

Alternative 1 (No Action) Alternative 2 (LTM+SVE+P& T+IC) Alternative 3 (MNA+RM+IC)
Alternative 4 (MNA+FPR+IC) Alternative 5 (MNA+SVE+IC) Alternative 6 (LTM+FPR+SVE+IC)
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contaminant concentrations in the off-base portion of OU 8 have been decreasing and
that the horizontal extent of the contaminant plume has not increased during the ladt five
years.

Major ARARs

. The COCs identified in the risk assessments have federal and state chemical-specific
cleanup levels (Table 8-1). OU 8 groundwater will be trested and monitored until the
cleanup levels are met (Table 8-1). Given that the primary future beneficia use of OU
8 Shdlow Aquifer isfor domestic water supply and that the future land use of the
off-base portion of OU 8 will remain resdentid, the Navy established an initid cleanup
god for off-base groundwater. Theinitia cleanup god is apply MNA to achieve the
drinking water sandards (M CLs) in off-base groundwater. Off-base indtitutional
controls will be implemented until the drinking water Sandards are reached in the
off-base groundwater. The Navy anticipates that the time frame to achieve the cleanup
god for natura attenuation will be by the year 2008. The progress towards the initia
cleanup god will be monitored using wells located at the base boundary and on
Mountain View Road.

. Wadtes (e.g., purge groundwater and LNAPL) generated during the implementation of
the cleanup dternative would be transferred to SUBASE Bangor’s Recycling and
Waste Program in accordance with the Washington State Dangerous Waste
Regulations (WAC 173-303) and the Resource Conservation and Recovery Act
(RCRA) Hazardous Waste requirements, if necessary.

. The LNAPL will be recovered until the practicable recovery endpoint (atota
recovery rate of 0.5 gallons per month for a one-year period) is achieved for the entire
recovery system. Post recovery monitoring intended to gauge residua product
thickness in the recovery wells, and monitoring of adjacent wells for product, will be
initiated to confirm that the practicable recovery endpoint has been achieved and that
ggnificant thicknesses of product are not migrating to new aress.

9.5 ALTERNATIVE 5. MNA+SVE+IC

The mgor components for this dternative include naturd attenuation monitoring, vadose zone ol
trestment by soil vapor extraction, and ingtitutiona controls.

Treatment Components

. Contaminant concentrations in groundwater will be dlowed to naturaly attenuate as
described in Alternative 3.

Alternative 1 (No Action) Alternative 2 (LTM+SVE+P& T+IC) Alternative 3 (MNA+RM+IC)
Alternative 4 (MNA+FPR+IC) Alternative 5 (MNA+SVE+IC) Alternative 6 (LTM+FPR+SVE+IC)
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General Components

. MNA as described in Alternative 3 would be implemented as part of this dternative.

. SVE asdescribed in Alternative 2 would be implemented as part of this aternative.
The SVE wels network would be expanded to include additiona 18 new wells.

. Ingtitutional controls as described in Alternative 2 would be implemented as part of this
dternative.
. Implementation of this dternative does not pose any unusua or extraordinary

conditions. This dternative could be implemented using standard methods and
equipment that are readily available. It is estimated that naturd attenuation would
reduce contaminant concentrations in the off-base Shallow Aquifer to levels below the
drinking water standards by the year 2008. Groundwater data at OU 8 indicate that
naturd attenuation istaking place. The dataindicate that contaminant concentrationsin
the off-base portion of OU 8 have been decreasing and that the horizontal extent of
the contaminant plume has not increased during the last five years.

Major ARARs

. The COCs identified in the risk assessments have federal and state chemical-specific
ARARs. OU 8 groundwater will be monitored until the cleanup levels are met (Table
8-1). Given that the primary future beneficid use of OU 8 Shdlow Aquifer isfor
domestic water supply and that the future land use of the off-base portion of OU 8 will
remain resdentid, the Navy established an initia cleanup god for off-base
groundweter. Theinitia cleanup god is gpply MNA to achieve the drinking water
gandards (MCLSs) in off-base groundwater. Off-base ingdtitutiona controls will be
implemented until the drinking water standards are reached in the off-base
groundwaeter. The Navy anticipates that the time frame to achieve the cleanup god for
naturd attenuation will be by the year 2008. The progress towards the initia cleanup
god will be monitored using wells located at the base boundary and on Mountain
View Road.

. If necessary, off-gas emissons from the catalytic oxidizer of the SVE system would be
treated to meet requirements of the Clean Air Act (CAA) and the Puget Sound Clean
Air Agency (PSCAA). Wastes (e.g., purge groundwater) generated during the
implementation of the cleanup dternative would be disposed of in

Alternative 1 (No Action) Alternative 2 (LTM+SVE+P& T+IC) Alternative 3 (MNA+RM+IC)
Alternative 4 (MNA+FPR+IC) Alternative 5 (MNA+SVE+IC) Alternative 6 (LTM+FPR+SVE+IC)
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accordance with the Resource Conservation and Recovery Act (RCRA) Hazardous
Waste requirements, if necessary.

9.6 ALTERNATIVE 6: LTM+FPR+SVE+IC

The mgor components for this aternative include groundwater monitoring, source remova by
free-product recovery, vadose zone soil trestment by soil vapor extraction, and institutiona controls.

Treatment Components

. SVE asdescribed in Alternative 2 would be implemented as part of this aternative.

Containment Components

. FPR as described in Alternative 4 would be implemented as part of this dternative.

General Components

. LTM as described in Alternative 2 would be implemented as part of this dternative.

. Indtitutiona controls as described in Alternative 2 would be implemented as part of this
dternative.

. Implementation of this aternative does not pose any unusua or extraordinary

conditions. This dternative could be implemented using standard methods and
equipment that are readily available.

Major ARARs

. The COCs identified in the risk assessments have federal and state chemical-specific
cleanup levels (Table 8-1). OU 8 groundwater will be trested and monitored until the
cleanup levels are met (Table 8-1). Given that the primary future beneficid use of OU
8 Shdlow Aquifer isfor domestic water supply and that the future land use of the
off-base portion of OU 8 will remain resdentid, the Navy established an initid cleanup
god for off-base groundwater. Theinitia cleanup god is gpply MNA to achieve the
drinking water sandards (M CLs) in off-base groundwater. Off-base indtitutional
controls will be implemented until the drinking water sSandards are reached in the
off-base groundwater. The

Alternative 1 (No Action) Alternative 2 (LTM+SVE+P& T+IC) Alternative 3 (MNA+RM+IC)
Alternative 4 (MNA+FPR+IC) Alternative 5 (MNA+SVE+IC) Alternative 6 (LTM+FPR+SVE+IC)
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progress towards the initia cleanup goa will be monitored using wellslocated at the
base boundary and on Mountain View Road.

. If necessary, off-gas emissions from the air stripper of the P& T system and the
cataytic oxidizer of the SVE system would be trested to meet requirements of the
Clean Air Act (CAA) and the Puget Sound Clean Air Agency (PSCAA). Wastes
(e.g., purge groundwater and LNAPL) generated during the implementation of the
cleanup dternative would be characterized and disposed of in accordance with the
Resource Conservation and Recovery Act (RCRA) Hazardous Waste requirements.

Alternative 1 (No Action) Alternative 2 (LTM+SVE+P& T+IC) Alternative 3 (MNA+RM+IC)
Alternative 4 (MNA+FPR+IC) Alternative 5 (MNA+SVE+IC) Alternative 6 (LTM+FPR+SVE+IC)
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10. SUMMARY OF COMPARATIVE ANALYS SOF ALTERNATIVES

CERCLA, as amended by SARA, requires that the specific statutory requirements listed below be
addressed in the ROD and supported by the adminigtrative record. Under CERCLA, remedid actions
must meet these requirements.

. Protect human hedlth and the environment

. Attain ARARs unlessjudtifications are provided for invoking awaiver

. Be cogt-effective

. Use permanent solutions and alternative technologies or resource recovery

technologies to the maximum extent practicable

. Address the preference for treatment that reduces contaminant toxicity, mobility, or
volume

In addition, CERCLA emphasizes long-term effectiveness and encourages the evauation of innovative
technologies. To address these requirements, EPA has devel oped nine evauation criteria as the basis
for the detailed feasibility study evauation and, subsequently, for selecting an appropriate remedia
action. EPA groups the nine criteriainto three categories, based on each criterion’ s role during remedy
selection. Figure 10-1 depicts the EPA evauation criteria. A description of each criterion is presented
aong with the evauation of each dternative in the following sections.

The RAOsfor OU 8 are asfollows;

. Minimize the migration of VOCs from LNAPL benegth the PWIA into groundwater a
concentrations that would cause adverse non-cancer health effects or unacceptable
cancer risks. Thiswould be accomplished by recovering free product to reduce an
ongoing source of groundwater contamination on base and off base and to reduce the
source of resdud soil contamination on base, which will help reduce the potentia
adverse non-cancer hedlth effects or unacceptable cancer risks.

. Minimize human exposure to COCsin Ste-wide groundwater that would result in
adverse non-cancer hedth effects or unacceptable cancer risks. Thiswill be
accomplished by continuing management and implementation of inditutional controls
both on base and off base to minimize human exposure related to COCs in Ste-wide
groundwater and implementation of MNA to achieve cleanup goals.

Proj ects\Federal\Dod\Navy\60857.12 SUBA SE Bangor\Final ROD
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The area of atainment is defined as the areathat will achieve the remedid action objectives after
remediation is completed. The area of attainment for OU 8 is the site-wide (on-base and off-base)
groundwater.

Under each criterion, the dternatives are presented in order from high to low, rdative to how well the
are sdtisfied. A comparison of the dternatives with each other under each criterion summarizesthe
Navy's analyss conducted in the Feasibility Study.

The“No Action” aternative does not provide overdl protection of human hedth and the environment,
nor doesit meet ARARs for OU 8. Because the Navy cannot select an dternative that does not satisfy
EPA’ s evaduation criteria, this dternative is not carried forward for evaluation beyond the threshold
criteria

10.1 OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

This criterion addresses whether each aternative provides adequate protection of human hedlth and
the environment and describes how risks posed through each exposure pathway are eiminated,
reduced, or controlled through trestment, engineering controls, and/or indtitutiona controls.

Ingtitutiona control isincluded in dternatives to prevent the human exposure to contaminated
groundwater. In terms of overal protection of human hedlth, the dternatives may be ranked in the
following order (highest to lowest):

Alternative 4 > Alternative 2/Alternative 3/Alternative 5 > Alternative 6 > Alternative 1

Under Alternative 1 (No Action), no treatment would be performed and no engineering controls
would be provided to treat COCs. Exigting Site conditions would prevail.

Alternative 2 (LTM+SVE+P& T+IC) is protective of human hedlth and the environment by containing
and by transferring VOCs from the liquid phase to the vapor phase as contaminated water is pumped
and passed through an air stripper, and by removing VOC vapor from the unsaturated soil zone.
However, P& T will not address contaminants that have migrated off base. In addition, the principa
threat to OU 8 groundwater, LNAPL beneath the PWIA, will not be addressed.

Alternative 3 (MNA+RM+IC) reduces the potentia for exposure to contaminated groundwater
through monitored natura attenuation with supplementa redox manipulation and inditutiona controls.
RM stimulates biologica activities; therefore, enhances natura attenuation. However, the principa
threat to OU 8 groundwater, LNAPL beneath the PWIA, is not addressed.

Alternative 4 (MNA+FPR+IC) reduces the potentid for exposure to contaminated groundwater

Alternative 1 (No Action) Alternative 2 (LTM+SVE+P& T+IC) Alternative 3 (MNA+RM+IC)
Alternative 4 (MNA+FPR+IC) Alternative 5 (MNA+SVE+IC) Alternative 6 (LTM+FPR+SVE+IC)
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through the use of naturd attenuation with source remova. This dterndtive can be implemented in the
shortest time and addresses both VOCsin groundwater and LNAPL benesth the PWIA. Alternative
5 (MNA+SVE+IC) reduces the potentid for exposure to contaminated groundwater through
monitoring natura attenuation and vadose zone soil trestment. This aternative does not address the
principa threat to OU 8 groundwater, LNAPL beneath the PWIA. Alternative 6
(LTM+FPR+SVE+IC) is protective of human hedth and the environment by removing the LNAPL
beneath the PWIA and VOC soil vapor from vadose zone soil. However, this dternative does not
address VOCs in groundwater.

Alternatives 3, 4, and 5 rely on natura attenuation to reduce concentrations of contaminantsin
groundwater. Monitored natura attenuation would provide data to determine long-term protection to
human health and the environment and to determine the need for additiona remedia messures.
Conditions favorable to naturd attenuation exist a& OU 8. The Monitoring conducted as part of the
monitored natura attenuation process serves severa purposes, these include: (1) ensure natural
attenuation is continuing to take place; (2) assess the rate of attenuation to ensure remedid goals can
be achieved within the desired timeframe; and (3) to monitor the extent of the contaminant plume. With
the exception of Alternative 1, dl dternatives incorporate ingitutiona controls (ICs) to help protect
humean hedith and the environmen.

10.2 COMPLIANCE WITH ARARs

Section 121(d) of CERCLA and the NCP 40 CFR 300.430(f)(1)(ii)(B) require that remedial actions

at CERCLA stes atain legdly applicable or relevant and appropriate requirements (ARARS) or other
federa and state sandards, criteria and limitations unless specific ARARs are waived under CERCLA
section 121(d)(4).

Applicable requirements are those cleanup standards, standards of control, and other substantive
requirements, criteria, or limitations promulgated under federd or state environmenta or facility siting
laws that specifically address a hazardous substance, pollutant, contaminant, remedia action, location,
or other circumstance found a a CERCLA dte. Only those sate standards thet are identified by a
datein atimely manner and that are more stringent than federa requirements may be applicable.
Reevant and appropriate requirements address problems or Situations sufficiently smilar to those
encountered a the CERCLA dite that their use iswell suited to the particular Site.

ARARSs are grouped into these three categories.

Chemical Specific ARARs are hedlth or risk-based numerica values or methodologies which,
when gpplied to site specific conditions, result in establishment of the amount or concentration that
may be found in, or discharge to, the environment.

Alternative 1 (No Action) Alternative 2 (LTM+SVE+P& T+IC) Alternative 3 (MNA+RM+IC)
Alternative 4 (MNA+FPR+IC) Alternative 5 (MNA+SVE+IC) Alternative 6 (LTM+FPR+SVE+IC)
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L ocation Specific ARARs redtrict the concentration of hazardous substances or the conduct
of activities solely because they are in specific locations such as flood plains, wetlands, higtoric
places, and sengitive ecosystems or habitats.

Action Specific ARARs are usudly technology or activity-based requirements or limitations
on actions taken with respect to hazardous wastes.

Table 8-1 summarizes the Federd and State ARARS that the selected remedy will atain. The primary
ARARsfor dl dternatives are the chemica-specific ARARS. Alternative 1 does not meet the chemica
gpecific ARARs for groundwater. Under Alternative 2, P& T will minimize further off-base migration of
contaminants through actively pumping and containing the groundwater plume. Given that P& T will not
address contaminants that have migrated off base, the off-base portion of OU 8 will not mest the
chemicd-specific ARARs for groundwater. Alternatives 3, 4, and 5 will meet chemical-specific
ARARs only if dte conditions are favorable for naturd attenuation. Natura attenuation will reduce
contaminant concentration to levels below the cleanup levels over time. If natural attenuation provesto
be ineffective in areasonable time frame, additiona remedia measures will be conducted so that
groundwater will meet the cleanup leves. Alternative 6 will not meet the chemica-specific ARAR
because this dternative does not address VOCs in groundwater.

10.3 LONG-TERM EFFECTIVENESS AND PERMANENCE

Long-term effectiveness and permanence refers to expected resdud risk and the ability of aremedy to
maintain reliable protection of human hedth and the environment over time, once cleanup levels have
been met.

In terms of long-term effectiveness and permanence, the dternatives may be ranked in the following
order (highest to lowest):

Alternative 4 > Alternative 3/Alternative 2/Alternative 5 > Alternative 6 > Alternative 1

Alternative 1 will not provide long-term effectiveness in reducing the potentiad movement of
contaminated groundwater. Alternative 2 will reduce the potentiad movement of contaminated
groundwater through pumping; however, contaminantsin the off-base groundwater will not be
removed. Alternatives 3, 4, and 5 use naturd attenuation to reduce contaminant concentrationsin
groundwater to meet the cleanup levels. Because natura attenuation processes occur without human
intervention, MNA provides long-term effectiveness and permanence to maintain reliable protection of
human hedlth and the environment after cleanup levels have been met. Therate a which natura
attenuation processes achieve the cleanup gods will be evauated during the implementation of MNA.
Alternative 4 ranks the highest among the dternatives that include MNA because Alternative 4
includes a component for source control. Alternative 6 ranks lower than dternative 3 because
dternative 6 is mechanicadly complex resulting in unrdiable

Alternative 1 (No Action) Alternative 2 (LTM+SVE+P& T+IC) Alternative 3 (MNA+RM+IC)
Alternative 4 (MNA+FPR+IC) Alternative 5 (MNA+SVE+IC) Alternative 6 (LTM+FPR+SVE+IC)
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performance. Also Alternative 6 has no action for directly treating or cleaning up groundwater.
Alternative 6 will not provide long-term effectiveness, but will minimize further dissolution of VOCs
from LNAPL into groundwater.

104 REDUCTION OF TOXICITY,MOBILITY, OR VOLUME THROUGH
TREATMENT

This criterion evaluates use of trestment to reduce the harmful effects of principa contaminants, their
ability to move in the environment, and the amount of resdud contamingtion remaining.

In terms of reduction of toxicity, mohility, or volume through trestment, the dternatives may be ranked
in the following order (highest to lowest):

Alternative 4 > Alternative 3/Alternative 5 > Alternative 2 > Alternative 6 > Alternative 1

Alternative 1 does not reduce the toxicity, mobility, or volume of contaminated groundwater or
LNAPL beneath the PWIA.

Alternative 2 relies on pumping to reduce the mohility of contaminated groundwater by minimizing
further off-base migration of contaminated groundwater. This aternative does not reduce toxicity or
volume of contaminants through treatment.

Alternatives 3, 4, and 5 rely on natura attenuation to reduce the toxicity, mobility, and volume of
contaminants. Natural attenuation processes include avariety of biologicd, chemica, and physica
processes. The most important components of natura attenuation is biodegradation where
microorganisms cause chemica reactions that change the form of the contaminants to non-hazardous
compounds; therefore, reduce the toxicity and volume of contaminants. The physical processes such
as sorption reduce the mobility of the contaminants. Alternative 4 has a component that removes
LNAPL beneath the PWIA and thus reduces the toxicity, mobility, and volume of the principa threst
to OU 8 groundwater. Alternative 4 ranks the highest among the dternatives that include MNA,
because it includes a component for source contral.

Alternative 6 has a component that removes LNAPL benesth the PWIA and reduces toxicity, mobility
and volume of principal threat at OU 8. However, this dternative does not address VOCsin
groundwater.

10.5 SHORT-TERM EFFECTIVENESS

Short-term effectiveness consders the short-term risks that might be posed to the community and
remedid workers during the implementation of the dternative, and the potentiad environmenta impacts
of the remedid action and the effectiveness and reliability of mitigative measures during implementation
and time until protection is achieved.

Alternative 1 (No Action) Alternative 2 (LTM+SVE+P& T+IC) Alternative 3 (MNA+RM+IC)
Alternative 4 (MNA+FPR+IC) Alternative 5 (MNA+SVE+IC) Alternative 6 (LTM+FPR+SVE+IC)
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In terms of short-term effectiveness, the aternatives may be ranked in the following order (highest to
lowest):

Alternative 1 > Alternative 2 > Alternative 3/Alternative 4/Alternative 5/Alternative 6

The results from the computer models indicate that naturd attenuation will clean up the off-base
portion of OU 8 to the drinking water standards within ten years, by the year 2008. The mass baance
cdculations show that when P& T was operationd, it only accounted for 20% of the total contaminant
mass removed. In evaluating the short-term effectiveness, each dternative was evauated

independently of other dternatives. Therefore, dternatives that do not include MNA as a cleanup
technology would not benefit from naturd attenuation. Therefore, cleanup timeframes did not provide a
clear distinction between dternatives. The aternatives were ranked based on the remediation. workers
and nearby residents risk of exposure to COCs during remedia construction.

It is not anticipated that the proposed dternatives will sgnificantly impact the surrounding residents, the
environment, or hedth and safety of workers during the implementation period. Alternatives 1 and 2
pose no active remediation. Alternative 2 congsts of utilizing existing components. Alternatives 3, 4, 5
and 6 may impact hedlth and safety of workers through dust emissions and exposure to chemicasin
the soil and groundwater during the initial congtruction phase. Alternative 3 requires congtruction of
bio-sparging wells. Alternative 4 involves ingdlation of afree-product recovery system within existing
monitoring wells. Alternatives 5 and 6 involve upgrades to the existing SVE system. Persond
protective equipment will be used to mitigate potentia risks to workers during implementation of the
remedid aternative. If necessary, engineering controls for dust suppresson will be implemented.
Standard practice as included in the Hedlth and Safety Plan, workers are not allowed to eat or smoke
within the designated hot zone. Thiswill minimize workers potentia for exposure via accidenta
ingestion or derma contact with COCs in groundwater. Residents will not be dlowed in the hot zone
during congtruction activities.

10.6 IMPLEMENTABILITY

Implementability addresses the technica and adminidrative feasibility of aremedy from design through
congtruction and operation. Factors such as availability of services and materids, adminigrative
feaghility, coordination with other governmenta entities, and whether the technology has been used
successfully a smilar Sites are considered.

Alternative 1 (No Action) Alternative 2 (LTM+SVE+P& T+IC) Alternative 3 (MNA+RM+IC)
Alternative 4 (MNA+FPR+IC) Alternative 5 (MNA+SVE+IC) Alternative 6 (LTM+FPR+SVE+IC)
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In terms of Implementability, the dternatives may be ranked in the following order (highest to lowest):
Alternative 1 > Alternative 2 > Alternative 4/Alternative S/Alternative 6 > Alternative 3

In generd, the more activity involved in construction and operation of an dternative, the more likely it
isthat difficulties would be encountered during implementation. With exception of Alterndtive 3, the
remaining aterndives require no specia or unique activities and could be implemented with readily
available equipment, materids, and methods. Alternative 1 requires minimal effort to abandon the
exiging SVE and P& T systems. Alternative 2 conssts of LTM and existing SVE and P& T systems.
These systems have proven to be reliable within its capacity limits. Periodic repairs or equipment
replacement to these systems would be expected. Based on the past performance, an air discharge
permit would not be required.

Alternaives 3, 4, and 5 rely primarily on natural attenuation to address VOCsin groundwater.
Alternative 3 uses RM to increase dissolved oxygen in groundwater and enhance biological activity.
RM technology is rdatively new and depends on subsurface properties. A site-specific pre-design
study would be required to determine the final design parameters for the RM system. Alterndive 4
uses free-product recovery to remove LNAPL beneath the PWIA. Free-Product Recovery isa
proven technology that has been used at Steswhere LNAPL is present. Alternative 5 involves
upgrades of the existing SVE system. SVE is a proven technology that has been effectively used to
cleanup petroleum contaminated soil. Alternative 6 involves ingtalation of free-product recovery and
upgrades of the existing SVE system. Both technol ogies are proven technologies that can be
implemented a OU 8.

10.7 COST

Capital, operation and maintenance, and total present worth costs of the each dternative are
summarized in Table 10-1. Based on EPA guidance, the cost estimates were devel oped to be
accurate to arange of -30 percent to +50 percent, given the available information. Present worth
caculations assume a discount rate of 5 percent.

The assessment of this criterion consders the capital and O& M costs associated with each of the
dternatives. Costs were developed using the Remedid Action Cost Engineering and Requirements
System (RACER), Means Building Cost Index, vendor estimates, and contractor experience.
Alternatives are evaluated for cost in terms of both capital costs and long-term O& M costs necessary
to ensure continued effectiveness of the dternatives. Capita costs include the sum of the direct capita
costs (materials and labor) and indirect capital costs (engineering, licenses, permits). Long-term O&M
costs include labor, materias, energy, equipment replacement, disposal, and sampling necessary to
ensure the future effectiveness of the dternative.

Alternative 1 (No Action) Alternative 2 (LTM+SVE+P& T+IC) Alternative 3 (MNA+RM+IC)
Alternative 4 (MNA+FPR+IC) Alternative 5 (MNA+SVE+IC) Alternative 6 (LTM+FPR+SVE+IC)
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Cost varies between the dternatives as aresult of differencesin the amount of materiads and the leve
of effort required for each dternative.

In terms of cogt, the dternatives may be ranked in the following order (highest to lowest, with highest
being the least codtly dterndtive):

Alternative 1 > Alternative 4 > Alternative 3 > Alternative 5 > Alternative 6 > Alternative 2

Thelesst codtly of the dterndtives that include remedia actions is Alternative 4. The most costly
dternative is Alternative 2, which is more than twice the cost of Alternative 4.

10.8 STATE/SUPPORT AGENCY ACCEPTANCE

The Washington State Department of Ecology concurs with the selected remedy for OU 8, Alternative
4, MNA+FPR+IC. The gtate provided comments on the remedid investigation, feasibility study, and
Proposed Plan. In accordance with the requirements of the NCP, the State of Washington was also
provided the opportunity to review and comment on the ROD. As aresult of that review and after
incorporating adequate responses to the comments into the respective documents, the state concurred
with the remedy.

109 COMMUNITY ACCEPTANCE

A public meeting was held on May 16, 2000 to present the Proposed Plan to a broader community
audience than those that had aready been involved through the RAB. At the meeting, representatives
from the Navy and Ecology answered questions about OU 8 and the remedia dternatives under
congderation. The Navy aso used this meeting to solicit awider cross-section of community input on
the reasonably anticipat1111ed future land use and potentia beneficia groundwater used.

The Navy received three written comments and one ora comment during the public comment period
(May 12 through June 13, 2000). The ord comment, provided at the May 16 public meeting
conducted by the Navy, was repested in one of the three written comments, thus atotal of 3
comments were received. The Navy has addressed these commentsin preparing this ROD by
providing a response to comments in Section 14: Responsiveness Summary. Only one of the three
comments was directly related to the proposed remedy for OU 8. None of the identified issues
resulted in Sgnificant changes to the Navy’ s preferred dternative.

Alternative 1 (No Action) Alternative 2 (LTM+SVE+P& T+IC) Alternative 3 (MNA+RM+IC)
Alternative 4 (MNA+FPR+IC) Alternative 5 (MNA+SVE+IC) Alternative 6 (LTM+FPR+SVE+IC)
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11. SELECTED REMEDY

Based on the requirements of CERCLA, comparative analyss using the nine criteria, public comments,
and in consultation with EPA and Ecology, the Navy has determined that the sdected dternative for
OU 8isAlternative 4, Monitored Natural Attenuation and Free-Product Recovery with Ingtitutional
Controls. This dternative includes phased contingent actions. The first contingent action is to perform
Redox Manipulation (RM) to introduce oxygen into the groundwater, and the second is to re-tart the
exigting containment system. Neither of these contingent actions would involve congruction. An
example of RM would be the use of a system to passively release oxygen to the groundwater. These
dternatives would be used in the event that MNA does not appear to be meeting cleanup goals.
Five-year reviews of the remedy will be required because potentia contaminants will remain at OU 8
above hedlth-based levels during the use of natura attenuation. The objectives of this selected remedy
areto:

. Minimize the migration of VOCs from LNAPL benegth the PWIA into groundwater a
concentrations that would cause adverse non-cancer health effects or unacceptable
cancer risks. Thiswould be accomplished by recovering free product to reduce an
ongoing source of groundwater contamination on base and off base and to reduce the
source of resdud soil contamination on base, which will help reduce the potentia
adverse non-cancer hedlth effects or unacceptable cancer risks.

. Minimize human exposure to COCsin Ste-wide groundwater that would result in
adverse non-cancer hedth effects or unacceptable cancer risks. Thiswill be
accomplished by continuing management/implementation of inditutiona controls on
base and off base to minimize human exposure related to COCs in Ste-wide
groundwater and implementation of MNA to achieve cleanup goals.

The selected remedy will meet the remedia objectives and reduce the potentia risk for OU 8 by
preventing future exposure to contaminants in groundwater.

11.1 SOIL

Petroleumn contaminated soil beneath the PWIA service station was identified as a medium of concern
because it represents a secondary source for release of petroleum to groundwater. The Navy has
successfully addressed the contaminated soil from surface to a depth of 15 feet bgs within Ecology’s
UST Program. In February 2000, Ecology notified SUBASE Bangor that no further action was
necessary to cleanup soil beneath the PWIA to adepth of 15 feet bgs.

There are no human heslth risks or ecologica risks related to the exposure to contaminated soil
beneath the PWIA service station. Because soil does not represent arisk to human hedlth, the Navy
does not propose an active means of addressing soil contamination. Thereisresidua contamination in
soil from 15 feet bgs to the water table that is related to floating free product (LNAPL) on the water
table. The free-product recovery system will address the source of groundwater contamination and the
resdua soil contamination on base. After the LNAPL has
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been removed to the extent practicable, the groundwater remedy will remain in place until groundwater
meets cleanup godls, a which time the resdua soil contamination will no longer represent a source or
pose athreat to groundwater quaity. Accordingly, the resdua contaminantsin soil from adepth of 15
feet bgs to the water table do not need to be actively addressed in this remedy. The status of the
groundwater cleanup goas and resdua soil contaminants will be evauated within the 5-year review
process.

Based upon the results of the subsurface soil and soil vapor samples collected during the OU 8 Source
areainvestigation (RI), and sample results from previous investigations, an active source of chlorinated
VOCswas not identified in the subsurface soil beneath the PWIA. Therefore, there is no active
remediation proposed for VOCsin soil.

11.2 GROUNDWATER

The primary chemicals of concern at OU 8 are benzene and DCA in groundwater. Benzene and DCA
are two of the more frequently detected contaminants exceeding the drinking water standards and the
MTCA Method B cleanup standards. Based on the 1995/96 risk assessment, three other risk-based
COCs (EDB, DCE, and toluene) were detected at concentrations exceeding the drinking water
standards and the MTCA Method B cleanup standards, but do not represent a significant percentage
of the overdl risk. All COCsfrom OU 8 exceeding the cleanup standards are subject to this remedid
action and must meet the cleanup standards (WAC 173-340-720[3][&][ii][B])-

The selected remedy for groundwater includes the following components.

C Monitored Natura Attenuation
C  Phased Contingent Actions

The selected remedy will meet the remedia objectives and reduce the potentia risk for OU 8 by
preventing future exposure to contaminants in groundwater. The selected remedy will accomplish the
remedid action objectives through the following:

C  Conduct performance monitoring of naturd atenuation in the Shalow Aquifer usng
exigting monitoring wells. As apreiminary estimate, groundweater samples will be collected
from gpproximately 20 monitoring wells.

C  Conduct compliance monitoring for specified risk-based COCs and toxic degradation
products (e.g. vinyl chloride) to determine compliance with the chemica specific deanup
standards.
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Asaprdiminary estimate, the groundwater samples will be analyzed for the following MNA
performance parameters to determineif conditions are supportive of natura attenuation processes, and
for the specified risk-based COCs and toxic degradation products (e.g. vinyl chloride) to monitor the
plume extent and compliance with cleanup standards.

Alkdinity EPA Method 310.1

Dissolved Organic Carbon EPA Method 415.1/415.2
Chloride EPA Method 300

Sulfate EPA Method 300

Nitrite Nitrogen EPA Method 300

Nitrate Nitrogen EPA Method 300

Benzene EPA Method 8260

Toluene EPA Method 8260
Ethylbenzene EPA Method 8260
1,2-dibromoethane (EDB) EPA Method 8260
1,2-dichloroethane (DCA) EPA Method 8260
1,1-dichloroethene (DCE) EPA Method 8260
1,1,2-trichloroethane EPA Method 8260
1,2-dichloropropane EPA Method 8260

Vinyl Chloride EPA Method 8260

Ethane EPA Method 3810 or RSK 175
Ethene EPA Method 3810 or RSK 175
Hydrogen Sulfide Field Andyss

Ferrous Iron Field Andyss

Temperature Field Andyss

Eh Fed Andyss

pH Field Andyss

Conductivity Fed Andyss

Dissolved Oxygen (DO) Field Analysis (Winkler Method)
Turbidity Field Andyss

OU 8 groundwater will be monitored to eva uate the performance and effectiveness of the remediation
system to achieve the cleanup gods and to determine if the remedy is meeting cleanup gods
(compliance monitoring). The results of the monitoring and the status of the groundwater COCs will be
reviewed annudly. Details of the groundwater monitoring program will be determined during the design
of the monitoring program and plan. If it is determined that natura attenuation does not make
satisfactory progressin achieving protection of human hedth and the environment in atime frame
comparable to that offered by other more active cleanup technologies, the contingency plan will be
implemented.

It is predicted that contaminant concentrations in the off-base wellswill be below the drinking water
gtandards (MCL ) by the year 2008. Contaminant concentrations in the off-base wells should reach
levels below drinking water sandards (MCL ) faster than in the on-base wells. The monitoring
program will be divided into two portions. off-base and on-base groundwater monitoring.
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11.2.1 Off-Base Groundwater Monitoring will be conducted on a quarterly basisfor the first year
and on a semiannua basis thereafter. Monitoring consists of compliance monitoring for COCs and
their toxic degradation products, and performance monitoring for MNA parameters. Performance
monitoring will be discontinued after concentrations of COCs and their toxic degradation products
decline and remain below the drinking water stlandards (M CL s) in off-base groundwater for afull
year. Compliance monitoring may then be reduced in frequency to annua sampling for those COCs
which have attained MCLs but have not yet attained their cleanup standards.

11.2.2 On-Base Groundwater Monitoring will be conducted on a quarterly basisfor the first year
and on asemiannud basis thereafter. Monitoring consists of compliance monitoring for risk-based
COCs and toxic degradation products and performance monitoring for MNA parameters. After
MCLs are achieved on-base, the performance and compliance monitoring will be conducted annualy.

The sampling and andlyd's plan will specify wells to be monitored for performance monitoring and
wells to be monitored for compliance.

11.3 PETROLEUM SOURCE CONTROL

The LNAPL presents an ongoing source of contamination to groundwater and residua soil. LNAPL
has been observed in saverd wellsin the vicinity of the PWIA service station. Remova of the LNAPL
to the extent practicable will minimize the primary source of petroleum and reduce partitioning of
VOCsto groundwater.

C Remove LNAPL using afree-product recovery system. Ingtallation and continued
andysis and monitoring of a free-product recovery system will be conducted. The
system’s performance will be reviewed annudly to evauate whether product recovery
rates have become limited by the system’s design, by the geologic or hydrogeologic
conditions a the site, and if continued operation of the system isjudtified.

C The system will be operated until the recovery rate reaches the practicable recovery
end point (the average of 0.5 galons per month for a one-year period).

To the extent practicable, the Navy will attempt to implement modifications to the LNAPL recovery
system as needed to accommodate LNAPL migration and other activities in the PWIA.

11.4 INSTITUTIONAL CONTROLSFOR OU 8

Continue implementation of Ingtitutional Controls (ICs) that have dready been implemented to prevent
human exposure to contaminated groundwater by preventing the use and consumption of untreated
groundwater. Off-base ICsinclude: (1) prohibition on water supply well ingalation within OU 8 into
the Shallow Aquifer, and (2) negotiated water use agreements with private
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landowners in the Mountain View neighborhood to provide an dternate water supply. As part of the
voluntary time-critical remova action in 1995, the Navy connected the Mountain View resdentsin the
impacted areato amunicipa water supply to prevent human exposure to contaminated groundwater.
The Navy paid the cost of an estimated 3-year water service on aone-time lump sum basis. Thereis
no plan for the Navy to connect additiond private properties to the municipa water supply. The water
use agreement is recorded with the Kitsgp County Auditor office and is alegd agreement that “runs
with the land” and islegdly binding to subsequent private property owners. The Navy will natify the
Kitsgp County Hedlth Digtrict when the off-base groundwater is cleaned up to the drinking water
gandards. The Hedlth Didtrict will determine if groundwater is safe for human consumption. On base,
the Navy will implement a SUBASE Bangor Indtitutional Controls Management Plan (ICMP) that
prohibitsingdlation of water supply wells within OU 8 into the Shalow Aquifer.

|Cs have dready been implemented off base to prevent human exposure to contaminated
groundwater. These controls prevent the use and consumption of untreated groundwater. On-base
ICs exist through the SUBASE Bangor Environmental Program review process, but will be formalized
in an Inditutiond Controls Management Plan as described below.

Ingtitutional Controls for OU 8 can be broken down into two categories.

11.4.1 For the off-base portion of OU 8. The Navy connected residences located within or near
the contaminated plume to amunicipa water supply in 1995. In addition, negotiated water use
agreements were prepared between the Navy and affected residents that prohibited household use of
the groundwater. These agreements dso Sate that resdents are not to ingal new wellsin the
contaminated aquifer. Redtrictions on well use and ingdlation throughout the off-base portion of the
plume are enforced by the Bremertor/Kitsap County Hedlth Digtrict. Loca requirements for new wells
on developed or undeveloped land require individuas to go through an approval process administered
by the Bremertor/Kitsap County Health Didtrict. Because the Hedlth Didtrict discovered the first
contaminated well off base, they have full knowledge of contaminants in Site groundwater. They have
dtated that they will keep abreast of cleanup actions for OU 8 and will not certify new drinking water
wells until the Hedlth Digtrict has reviewed the water quality data and have determined that
groundweter is safe for human consumption.

The water use agreements mentioned above are recorded with the Kitsap County Auditor’s office.
They arelegd agreements that “run with the land” and are legdly binding to subsequent private
property owners. The Navy will provide monitoring data to the Bremerton/Kitsap County Health
Didtrict so they can determine when the off-base groundwater is safe for human consumption. Figure
11-1 depicts the off-base areas affected by these water use agreements.

11.4.2 For the on-base portion of OU 8: Theinditutiona control being implemented for on baseis
to prohibit congiructions of drinking water wells within the entire OU 8 study area shown on Figure
1-2. SUBASE Bangor currently employs an Environmenta Review Process for proposed new
congtruction projects on the base to ensure environmental considerations are given to the project. One
agoect of this review is compliance with RODs established for various
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operable units. This process will be formaized in the base-wide Inditutional Controls Management
Pan (ICMP) currently under development. Specific procedures for implementing ingtitutional controls
at SUBASE Bangor are discussed separately in Section 11.8. Specific objectives of the control or
redrictions include:

C Nowdl drilling except for monitoring and remediation wells authorized in the EPA and
gtate gpproved compliance and performance monitoring plans.

C Protect existing monitoring wells,

C Ensureland use does not jeopardize the integrity of the monitoring and/or remediation
sysem.

C No use of groundwater except for monitoring unless otherwise approved by EPA
and/or the State.

C Ensure on-base redrictions gpply now and in the future, even if the U.S. Navy no
longer has control of the property.

Ensure these redtrictions are included in deed redtrictions gpplied at the time that property is
transferred to a non-federa entity.

11.5 CONTINGENCY REMEDY

Basad on information obtained during the remedid investigation, two-phase natura attenuation study,
computer modeling, and the analysis of dternatives, the Navy believes that the sdlected remedy will
restore off-base groundwater to drinking water standards within a 10-year time frame. If it appears
that the sdlected remedy is not making sufficient progress towards meeting remedia godls, the
contingent actions will be discussed with dl parties and implemented upon mutua concurrence. The
contingency remedy considered for OU 8 includes ingtaling an RM system &t the base boundary to
enhance biologicd activity in groundwater. If it is subsequently determined that RM did not increase
the rate of natural attenuation, the containment system (P& T) could be used to contain or minimize
further migration of the contaminant plume. The contingency cleanup technologies include ingdlation of
apassve RM system (ORC socks) to enhance natura attenuation processes. If it is determined that
RM did not increase the rate of natura attenuation, the containment system (P& T) could be used to
contain or minimize further migration of the contaminant plume. Essentialy, neither component of the
contingency require construction because the components are dready in place.

The ability to achieve cleanup gods within the off-base portion of the contaminant plume will continue
to be evauated. Therefore, while this ROD sdects the find remedy for OU 8, the Navy acknowledges
that new technologies may become available that could result in a more cogt-effective cleanup while
ensuring reliable short- and long-term protection of human hedth and environment. Consistent with
EPA’s guidance, Superfund Reforms. Updating Remedy Decisions (OSWER No. 9200.0-22), the
Navy will congider the availability and long-term effectiveness of possible new technologies whenever
Ecology and EPA agree to undertake such action. An evauation will occur at least every five years as
part of the base-wide five-year review required under the Superfund rules.
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11.6 SUMMARY OF RATIONALE FOR THE SELECTED REMEDY

The selected remedia aternative, Free-Product Recovery (FPR), NVA, and Ingtitutiona Controls
(1C), iscongdered the best for this Site because it best meets the nine USEPA evaudtion criteria as
gpecified in the NCP, and as discussed in Sections 9 and 10 of this ROD. The sdected dternative
is conddered the most protective to overdl human hedth and the environment, is rdatively cost
effective, and is easy to implement because naturd attenuation is ongoing and the ingtitutional
controls are aready being implemented as part of the 1995 time-critical cleanup action. The
Washington State Department of Ecology has reviewed the proposed plan and draft-find ROD and
has provided comments on both documents and concurs with the selected remedy for OU 8. The
remedia aternative was presented to the community, and in generd, the public comments were
favorable to the Proposed Plan.

Natura attenuation isawell known and proven process that does not require human intervention,
therefore remedid workers and the nearby community are not exposed to contaminants while
implementing the remedia dternative. Also as most of the |C component has dready been
established, the selected remedy can be implemented easily and within a short period of time. ICs
will prevent human and environmenta exposure to VOCs by prohibiting activities that would result
in exposure to VOCs. Rdiahility of ICsis high, both on base and off base.

Over time the VOCsin groundweter are reduced (mineralized) to harmless chemicds by the natura
attenuation process. Groundwater modeling indicates that the VOCs in groundwater are expected
to be reduced to levels below the chemica specific MCLs by the year 2008. The Feashility Study
(EA 2000) indicated that natural attenuation is ongoing and was the mgor contributor to reducing
contaminants when the groundwater extraction system was operating. The selected remedy will
document the degradation of VOCsin groundwater. LNAPL remova will address the principa
threat to groundwater and augment the natura attenuation process by decreasing the mass of
VOCs available to groundwater. For the selected remedy, reduction of risks due to VOCs, will be
permanent because dissolved VOCs will be irreversibly degraded by naturd attenuation and VOCs
in LNAPL will be removed by the product recovery system. Sorbed VOCs in the vadose zone can
be expected to degrade due to naturd attenuation. MNA will demongtrate that the mass of
dissolved phase VOCsiis decreasing through the natural attenuation process.

The free-product recovery system installed at the PWIA service gtation in 1986 recovered
gpproximately 6,000 gdlons of LNAPL over afive-year period. Recovery rates then declined to
near zero after the five years of operation (EA 2000). Based on lateral extent of LNAPL, LNAPL
thickness measured in wells, and estimated porosity of saturated soil, the estimated maximum
volume of LNAPL beneath the PWIA is gpproximately 13,400 gdlons (EA 2000). Assuming 50
percent of this LNAPL can be recovered by extraction, approximately 6,700 gallons of LNAPL is
available for remova (EA 2000). The product recovery system could be ingaled and operationd
within 6 months from the date that the ROD is signed.
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11.7 INSTITUTIONAL CONTROLSFOR OTHER OPERABLE UNITSAT SUBASE
BANGOR

In an effort to ensure compliance with the recently issued EPA guidance described below,
Ingtitutiona Controls (ICs) for previoudy signed SUBASE Bangor RODs have been reviewed to
determineif: 1) they exist as part of the remedy and 2) they are adequate to protect human hedth
and the environment. This section provides Ste-specific |C requirements for each Operable Unit
(OU) that requires them; locations of these OUs are shown on Figure 11-1.

EPA Region 10 recently issued a memorandum to establish a policy to ensure the short and long-
term effectiveness of 1Cs being relied upon to protect human hedth and the environment at federa
facilities. EPA defines ICsto include “dl non-engineered restrictions on activities, access, or
exposure to land, groundwater, surface water, waste and waste disposal areas and other areas of
media. Some common examples of tools to implement 1Cs include redtrictions on use of access,
zoning, governmental permitting, public advisories, or ingdlation magter plans’. The policy gpplies
to decision documents such as RODs that are being prepared, aswell asto RODs that were
prepared prior to issuance of the policy. The policy satesthat for OUs where the ROD has been
previoudy signed and | C requirements were not explicitly stated, a decison document such as an
Explanation of Significant Differences (ESD) must be prepared adding the appropriate Ingtitutiona
Control requirements. It alows for a decison document to be issued that covers al signed RODs
for afacility. In lieu of issuing an ESD for the previoudy signed RODs, the ICs are being addressed
in thisROD for OU 8.

11.7.1 OPERABLE UNIT 1(SITEA)

For this Ste, there are two areas where | C objectives must be met. Thefird is throughout the Site
A contaminated groundwater plume, and the second is a Debris Area 2, which was investigated as
part of Site A.

Geographic location where |Cs are required: Site A is located in the northwestern portion of the
base a intersection of Pintado and Tinosaroads. According to the RI/FS, the area of contaminated
groundwater lies undernegth the former leach basin area, which is bounded on the west by Pintado
Road and on the south by Tinosa Road. Groundwater flowsin a northwesterly direction toward
Cattail Lake and eventualy dischargesinto Hood Cand. Therefore the objectives below will apply
to groundwater that Sits under the former leach basin, in addition to the area that would be included
within a 600-foot radius of the basin’s center. Objectives will aso apply to groundwater flowing
between Pintado Road and drainage to Cattail Lake.

Objectives of the control or restrictions:
P Nowdl drilling except for monitoring wells authorized in the EPA and state approved
monitoring plans
P Protect exising monitoring wells
P Nouseof groundwater except for monitoring unless otherwise approved by EPA
and/or the state
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P Ensuretheseregtrictions goply now and in the future, even if the U.S. Navy no longer
has control of the property
P Ensure these restrictions are included in deed restrictions applied a the time that

property istransferred to a non-federd entity.

Comment: 1Cswere not specified in the ROD for OU 1 (Site A).
Extraction of groundwater for groundwater remediation has been gpproved
by the state.

Geographic location where ICs are required: Debris Area 2 is located gpproximately 400 feet
south east of the former Site A leach basin, and the IC Objectives listed below apply to dl of
Debris Area 2.

Objectives of the control Redtrictions:

P Mantan dgnsredricting accessto the Ste

P Maintain blackberry cover limiting Site access

P Ensuretha dl disturbed or excavated soils a or from the Site are properly
categorized and disposed of, and that workers are protected during any such
disturbance or excavation.

P Ensuretheseredrictions apply now an in the future, evenif the U.S. Navy no longer
has control of the property

P Ensuretheseredtrictions are included in deed restrictions applied a the time that
property istransferred to anon-federd entity.

Comments. Blackberries were planted in lieu of placing afence around this
areato limit access.

11.7.2 OPERABLE UNIT 2 (SITE F)

Geographic location where ICs are required: Site F originates at the former ordnance wastewater
lagoon, which was immediately west of the former segregation facility in the south central portion of
the base. It is bounded both to the east and to the north by Trigger Avenue. The Nava Helicopter
Pad islocated approximately 700 feet to the northwest, and barricaded sidings and rail lines are
located approximately 1,500 feet to the west. An infiltration barrier was placed over the lagoon as
part of Ste remediation efforts, and a Recycling Retention Facility was later dso placed a thisSite.
The I1C objectives listed below must be met for the infiltration barrier and throughout the plume of
contaminated groundwater. As stated in the ROD for OU 2, contamination at Site F is rediricted to
the shalow aquifer. The objectives below will gpply to the area originating at the former wastewater
lagoon and extend south to the segregation facility access road, east to Trigger Avenue, north to the
southeastern corner of SWFPAC, and west to the eastern edge of the SWFPAC laydown area
(located dmogt directly across from Roosevelt Street on the south side of Trigger Avenue).

Objectives of the control or regtrictions:
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P Prevent any disturbance to theinfiltration barrier, except as necessary for authorized
O&M maintenance activities.

P Prevent any current or future land uses that could jeopardize the integrity or life of the
infiltration barrier.

P Notify the state and EPA prior to any development or redevelopment of the site. The
object of this natification is to ensure that the agencies concur that the development
has been designed to retain the integrity of, and to avoid damage to, the infiltration
barrier.

P Nowel drilling except for monitoring and remediation wells authorized in the EPA
and dtate gpproved compliance and monitoring plans

P Protect exigting monitoring wells

P Nouseof groundwater except for monitoring unless otherwise approved by EPA
and/or the state

P Ensuretheseregtrictions goply now and in the future, even if the U.S. Navy no longer
has control of the property

P Ensuretheseredrictions are included in deed redtrictions applied a the time that

property istransferred to a non-federd entity.

Comment: 1Cswere not specified in the ROD for OU 2 (Site F) because
they were considered to be a contingency remedy that would be put into
place in the event that trestment of the groundwater was ineffective or no
longer feasble. Extraction of groundwater for groundwater remediation has
been approved by the State.

11.7.3 OPERABLE UNIT 3 (SITE 16/24 and 25)

Geographic location where ICs are required: Site 16/24 isa 1.5 acre Ste that is roughly rectangular
in shape. It is gpproximately 200 feet south of Trident Boulevard and iswest of Seadevil Road and
northeast of Sculpin Circle. The 1Cs objectives listed below must be met throughout the Site 16/24

area.

Objectives of the control or restrictions:

P
P

Ensure that land use a Site 16/24 remains indudirid.

Ensure that dl disturbed or excavated soils a or from the Site are properly
categorized and disposed of, and that workers are protected during any such
disturbance or excavation.

Ensure that these redtrictions gpply now and in the future, even if the U.S. Navy no
longer has control of the property.

Ensure that these restrictions are included in deed restrictions applied at the time that
property istransferred to a non-federd entity.

Comments. TheIC included in the ROD for OU 3 (Sites 16/24) was to
prevent soil contact. It restricted the building of any resdentid units on this
dte and wasin place a the time the ROD was signed.
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Geographic location where |Cs are required: Site 25 is gpproximately 1.2 acresin Szeand is
located at the southeast portion of the facility. It is bounded by Sculpin Circle to the north and west
and by the Southern Boundary Road to the east. A residential area lies outside of the base
boundary to the southeast. ICs gpply to Ste groundwater with contaminants above cleanup
standards.

Objectives of the control or redtrictions: Because Site 25 iswithin the OU 8 area, ICs being
applied a OU 8 would aso cover thisste. Therefore, Site 25 will not be specificaly covered in the
base-wide ICMP.

Comments. The ROD for OU3 required five years of semiannua groundwater
monitoring a Site 25 to verify that metal's concentrations detected in the Shallow
Aquifer are condstent with natural background concentrations. The Navy, EPA, and
Ecology were to compare the monitoring data againg federd drinking maximum
contaminant levels (MCLs), MTCA Method B groundwater cleanup levels, and
representative background concentrations to determine if additional monitoring or
other actions were necessary. Samples from the first two semiannua rounds of
post-ROD sampling were analyzed for metas aswel as VOCs and SVOCs,
samples from the first round were al'so andyzed for ordnance, and the second round
for OC pesticides and PCBs. Detected benzene and BEP in sdlect wells were
attributed to nearby upgradient sources within OU 8; accordingly, the subsequent
monitoring events included andysis for metals only. Because Site 25 is located within
the capture zone for the OU 8 groundwater containment system while it operated,
Site 25 fidd activities have been conducted concurrent with OU 8 activities,
Semiannua monitoring of Site 25 groundwater quality has demondrated that meta's
concentrations are below MTCA groundwater cleanup levels.

Based on these andytica results, the Navy recommended discontinuation of the
groundwater monitoring program for Site 25. Following review of the eight rounds of
data and discussions between the Navy and Ecology, Ecology concurred with this
recommendation. The Navy and Ecology agree that the groundwater monitoring
completed for Site 25 meets the requirements of the OU 3 ROD, and that no
additiona monitoring is required.

11.7.4 OPERABLE UNIT 6 (SITE D)

Geographic location where ICs are required: Site D is located in the west centra portion of the
base, north of Sturgeon Street dong the west side of Escolar Road. A mgjority of the Site D arealis
comprised of wetlands. While Site D soils exceed MTCA Method B dueto DNT contamination,
specific ICs are not required because existing wetlands laws and regulations will provide sufficient
protection.

Comments. The ROD for OU6 states that no deed restrictions or other
adminigrative limitations on future land use were included in the dternative
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selected, and that existing wetlands laws would prevent future devel opment
of Site D wetlands.

11.7.5 OPERABLE UNIT 7

The ICs placed in the ROD for OU7 are gpplicable to Stes B (Flora Point), E/11, and 10, and are
addressed individually below.

11.7.5.1 SiteB (Floral Point)

Geographic location where ICs are required: Site B is gpproximately 5 acresin Size and islocated
aong the Hood Cand at the northwestern portion of the facility. It is southwest of the Magnetic
Silencing Facility and west of Amberjack Road. The ICs objectives listed below must be met
throughout Hord Point:

Objectives of the control or redtrictions:

P Prevent any disturbance to the cap, except as necessary for authorized O&M cap
maintenance activities.

P Prevent any current or future land uses that could jeopardize the integrity or life of the
cap.

P Notify the state and EPA prior to any development or redevelopment of the site. The
object of this natification is to ensure that the agencies concur that the devel opment
has been designed to retain the integrity of, and to avoid damage to, the cap.

P Ensurethat these redtrictions apply now and in the future, even if the U.S. Navy no
longer has control of the property.

P Ensurethat these restrictions are included in deed restrictions applied at the time that
property istransferred to anon-federd entity.

Comment: There were no ICsincluded as part of the remedy for Flordl
Point, only ingpection and maintenance of the vegetative cap and shordline
protection system ingdled, and long term monitoring of off shore sediment
and clam tissue as part of the five year review.

11.7.5.2 SiteE/11

Geographic location where ICs are required: Site E/11 islocated west of Site F in the south central
portion of SUBASE Bangor, 1/2 mile north of Thresher Avenue. It iswithin the Site F area
restricted for groundwater use.

Objectives of the control or retrictions. Due to the Sit€' s location, objectives for Site F are
gpplicableto Site E/11.

Comment: Based on sampling results, the only remaining concern & Site
E/11 ispotentia Otto Fud contamination in groundweter. However, this
sampling has shown Otto Fuel concentrations are now below drinking
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water standards, which would indicate that the ICs are no longer required.
A focused Otto Fuel monitoring program will be completed to-confirm
compliance with the cleanup level. Regardless of these reaults, ICsfor Site
F will dso cover the Site E/11 area since the Site F plume goes under Site
E/11.

11.7.5.3 Site 10

Site 10 islocated just west of the Public Works Industrial Area, across Scorpion Avenue on the
west Sde of Guardfish Street. It is adjacent to Buildings 2011 and 2012, and is approximately 100
feet by 50 feet in Sze.

Soil: The ROD dtates that the cancer and non-cancer risk for future residents from chemicalsin soil
at Site 10 were found to be acceptable based on EPA criteria, and that the Site was paved. It goes
on to say that the pavement will be maintained to protect human hedth and the environment.
However, Section 7.5.1 of the ROD aso states that sampling data were reviewed, and it was
determined that soils do meet MTCA requirements for unrestricted use. The one exceedance of
Method B standards that occurred was for dieldrin; however, collectively the data passed the
MTCA 3-fold criteria, and no chemicals of interest were identified. Based on this, thereis no need
for the asphat to remain in place.

Groundwater: The ROD dates that confirmatory sampling for TPH in groundweter will be
conducted, and that 1Cs would be established to restrict groundwater use. Because sampling was
not done, additional sampleswill be taken to determine if TPH is still aconcern in the groundwater.
Since Site 10 islocated within the OU 8 area, 1Cs applied to OU 8 will dso cover Site 10.

11.8 IMPLEMENTATION OF INSTITUTIONAL CONTROL

A schedule for the development and implementation of the Ingtitutional Control Management Plan
(ICMP) will be submitted to EPA and Ecology within 6 months of ROD signature. The ICMP will
be implemented by establishing a SUBASE Bangor ingruction. The ICMP and base ingtruction will
be completed and in place within one year of the ROD sgnature. The ICMP will identify with
geographic specificity dl areas subject to the inditutiona controls selected in the ROD; identify the
objectives of the indtitutiona controls; specify the anticipated time frames that ICs areto remainin
effect, identify what would be congdered inconsstent with the ingtitutiona control objectives or
protectiveness criteria and establish a procedure to avoid/prevent such activities, provide for the
frequency and type (e.g., field ingpection, process review, record review) of monitoring of the
indtitutiona controls; require an annua monitoring report; and identify current land users and uses.
The annua monitoring report will provide a description of how facility wide requirements are met,
including a checklig identifying results of field ingpections, and documentation of any falures. The
monitoring report will dso identify if inditutional controls are being met, and will describe any
deficiencies that affect the protectiveness of the remedy and efforts taken, if any, to correct these
deficiencies.
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The base ingruction will apply to al personnd a SUBASE Bangor, including contractors and
tenants, and dl activities that will affect the ingtitutiona controls or the remedia actions selected for
the Ste. The base ingructions will include the following:

1 The conditions and boundaries of Sites subject to land use control, aswell asthe
terms and conditions of the land use control, shal be recorded on appropriate
ingtallation master plans, and base ingdructions for maintaining inditutional controls.

I A point of contact for implementing, maintaining, and monitoring ingtitutiona controls.

If achangein land use or activity subject to in-place land use control is being considered, the
regulatory agency shdl be notified as soon as possible, in order to alow sufficient time for
regulatory review and modifications to remedy selection, design, or implementation decison
documents. The natification will indude:

1) An evaudtion of the risks to human hedlth and the environment posed by
the land use change and overal impact on remedy effectiveness,

2) An evauation of the need for any additiona remedid action resulting
from the anticipated |and use changes; and,

3) A proposa for any necessary changesin the selected remedia action
The following are consdered changesin land use or activity affecting land use controls

1) A changein land use or activity that is incongstent with the exposure
assumptions in the human hedth or ecological risk assessment that was the

basisfor the land use change (e.g., changes from industrial, commercia or
recreationa use to amore sengtive land use such asresidentia or day-care
areas).

A changein land use or activity thet would alow activity that is prohibited under the
existing ROD or would degrade the remedy.

3) A changein land use that would require additiona remediation before the
new use could begin.

A requirement that the Navy notify EPA and Ecology as soon as possible but no later
than 60 days prior to any transfer, sale, or lease of property subject to indtitutiona
controls. The notification processis intended o that the parties can ensure that
appropriate provisons are included in conveyance documents to maintain ingitutional
controls.
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1 A requirement that the Navy coordinate with EPA and Ecology any proposed
deletion or termination of an indtitutiona control. Any disagreement between the
parties will be resolved in accordance with the Federa Facility Agreement.

A requirement that the Navy promptly notify EPA and Ecology upon discovery of an
activity that isincongstent with the objectives described in this ROD, or that will cause a
ggnificant loss of protection of human hedlth or the environment. The notification processis
intended to alow the parties to identify any specific deficienciesin the indtitutiona control
process and for the Navy to implement corrections to prevent smilar deficienciesin the
future.

The base indruction does not create legd rightsin any person or entity. However, this does not
affect the enforceability of theinditutiona controls in this ROD.

Ingtitutiona Control will be administered by the federa government while it owns the property.
Absent further cleanup at a particular OU, in the event of transfer of the property, it will be
necessary to include deed or land use redtrictions to implement the indtitutiona controls. Deed
restrictions cannot be placed on the property until transfer of the property. Upon transfer of the
property, notification of the history of the Ste will be attached to any property transfer, which would
have to meet the requirements of CERCLA Section 120(h).

Pursuant to Section 120(h)(1) of CERCLA and Part 373 of the NCP, should the United States
enter into a contract for the sde or other transfer of SUBASE Bangor property, the United States
would give notice of hazardous substances that have been stored, disposed of, or released on the
property. Pursuant to Section 120(h)(3) of CERCLA, the United States would include in each
deed entered into for the transfer of the property a covenant stating that the remedia action(s) are
completed and any additiona remedia action found to be necessary after the transfer shall be
conducted by the United States. In addition to the covenants required by Section 120(h) of
CERCLA, the Navy is seeking Generd Services Adminidration (GSA) gpprova of redtrictive
covenants/deed restrictions that will be included in the conveyance document to effectuate the ROD
in the event of transfer of the property to a non-federa entity. The conveyance document shall
require the non-federd transferee to record the restrictive covenants/deed redtrictions with the
county auditor within 30 days of transfer. Such covenants/deed restrictions will address any limitsto
remain in effect after the time of transfer to restrict land use, restrict the use of groundwater, and
manage excavation. The deed covenants will aso include provisons addressing the continued
operation, maintenance, and monitoring of the selected remedy. In the event that GSA does not
approve the redtrictive covenants/deed restrictions prior to the land transfer, EPA or the state may
reopen the ROD, or request an ESD to the ROD that originadly established the ingtitutional controls
that are being made part of a private land deed.

119 EXPECTED OUTCOMESOF THE SELECTED REMEDY

The god of the selected remedy is to protect human health by restoring the off-base groundwater to
its primary use as a domestic drinking water source, and to eventually restore the overal ste-
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wide groundwater to acceptable quality standards as identified in the Washington State MTCA
regulations.

The selected remedy has the goa of restoring OU 8 groundwater to residentid use. The
concentrations of VOCsin groundwater will be addressed through naturd atenuation. The LNAPL
beneath the PWIA will be removed through a free-product recovery system. The human hedth
riskswill be reduced to the acceptable range by achieving the cleanup levels. Benzene and DCA
generdly accounts for the mgority of the risk from VOCs in groundwater. Once cleanup standards
are achieved, Kitsap County Health Department administers the future use of loca groundwater
and has the authority to designate the groundwater as safe for human consumption and for granting
use permits and/or approvals.

11.10 SUMMARY OF THE ESTIMATED REMEDY COSTS

The information in Table 10-1 is based on the best available information regarding the anticipated
scope of the remedid dternatives. Changes in the cost dements are likely to occur as aresult of
new information and data collected during the on-going groundwater monitoring program. Mgor
changes may be documented either in the form of a memorandum in the adminigtretive record file,
an Explanation of Significant Differences, or aROD amendment depending on the significance of
the change. The Navy’ s remedy cost estimates are order of magnitude engineering cost estimates
expected to be within —30 to +50 percent of the actua project cost. The Navy’s selected remedy
for OU 8 requires $1.8 million over ten years to monitor naturd attenuation processes and five
years to operate the free-product recovery system. A detailed cost estimate for indtitutiona control
isprovided in Tables 11-1 and 11-2. A detailed cost estimate for monitored natural attenuation is
provided in Tables 11-3 and 11-4. A detailed cost estimate for free-product recovery is provided
in Tables 11-5 and 11-6.

The estimated cost for free-product recovery is $120,000 in capitd cost and $330,000 for five
years of O&M, for atotal of $450,000. This cost estimate assumes that five pneumatic free-
product recovery sysems will be ingaled in existing wells. Capita costs include site mobilization,
free-product recovery systems and associated piping, and replacement of pumps and air
compressors. The O&M cogsts include labor, disposa of LNAPL, performance reporting, persond
protective equipment, and system ingalation.

The estimated cost for monitoring natural attenuation is $5,000 in capital cost and $965,000 for ten
years of O&M, for atotd of $970,000. This cost estimate assumes that natural attenuation will be
monitored for ten years. Capita costs include sampling and andysis plan. The O&M costsinclude
labor, groundwater samples analysis, disposa of purge groundwater, and performance reports.

The estimated cost for ingtitutiond control is $37,000 in capital cost and $333,000 for ten years of
O&M, for atota of $370,000. This cost estimate assumes that ingtitutional controls will be
implemented for ten years. Capital cogtsinclude legd fees, wells abandonment, warning signs and
fencing. The O&M cogtsinclude labor and replacement cost for warning signs and fence.
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Summary of the Estimated Costs of the Selected Remedy

Specific cost estimates for the future implementation of the selected remedy at OU 8 are provided
in Appendix C of the Find Feasihility Study. The costs are summarized here as $1,800,000 per
ten-year period (see Table 10-1).
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12. STATUTORY DETERMINATIONS

Under CERCLA Section 121 and the NCP, the Navy must select remedies that are protective of
human hedth and the environment, comply with ARARS (unless a Satutory waiver is judified), are
cost effective, and utilize permanent solutions and dternative trestment technologies or resource
recovery technologies to the maximum extent practicable. In addition, CERCLA includes a
preference for remedies that employ trestment that permanently and significantly reduce the volume,
toxicity, or mobility of hazardous substances as a principa dement and a bias againg off-dte
disposa of untreated wastes. The following sections discuss how the Sdected Remedy meets these
datutory requirements.

12.1 PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

The sdected remedy, Alternative 4, will protect human health and the environment through the
reduction of VOC contaminantsin groundwater by naturd attenuation. The principa threat materia
(LNAPL beneeth the PWIA) will be removed through FPR. Current information suggests that
naturd attenuation is occurring a OU 8 and will cleanup the off-base groundwater to the drinking
water standards by the year 2008. Specificaly, the selected remedy will:

! Reduce risk by reducing the concentration of contaminants in the groundwater to
levels below the cleanup levels.

Prevent the use of contaminated groundwater.

Provide for monitoring of groundwater to identify potentia future risks associated
with OU 8 and monitor the effectiveness of natura attenuation.

12.2 COMPLIANCE WITH ARARs

The sdlected remedy will be designed and implemented to comply with al action specific, chemica
specific, and location specific ARARs identified in this section. The ARARsfor OU 8 are presented
below.

Chemical-Specific ARARs

1 SafeDrinking Water Act (SDWA), 40 CFR Part 141, Maximum Contaminant
Levels (MCLS) for public drinking water supplies are rlevant and appropriate
regulation for establishing organic and inorganic concentrations in groundwater
aguifers potentialy used for drinking weter.

Modd Toxics Control Act (MTCA) Cleanup Regulation, Chapter 173-340 WAC,
Method B risk-based cleanup levels are gpplicable for establishing groundwater
cleanup levels.
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Action-Specific ARARS

1 Hazardous Materias Transportation Act is the gpplicable federd regulation for
transportation of potentidly hazardous materid, including groundwater samples, purge
groundwater, and recovered LNAPL.

Minimum Standards for Construction and Maintenance of Wells (Chapter 173-160
and 162 WAC) are gpplicable state regulations for the location, design, congtruction,
and abandonment of water supply and resource protection wells.

Resource Conservation and Recovery Act (RCRA), isthe gpplicable federa
regulation for establishing standards for generators or hazardous wastes for the
trangportation of hazardous wastes including soil-cutting and LNAPL recovery.

State of Washington Dangerous Waste Regulations (Chapter 173-303 WAC), are
the applicable state regulations for handling and disposal of dangerous and hazardous
wastes.

L ocation-Specific ARARs
I Thereare no identified location-specific ARARS.
12.3 COST-EFFECTIVENESS

The selected remedly is cost-effective and represents a reasonable va ue for the money spent. In
meaking this determination, the following definition was used: “A remedy shdl be cost-effectiveif its
costs are proportiond to its overdl effectiveness’ (NCP Section 300.430[f][1][ii][D]). Thiswas
accomplished by evauating the “overal effectiveness’ of those dternatives that satisfied the
threshold criteria (protective of human hedlth and the environment and ARAR-compliant). Overdl
effectiveness was evauated by ng three of the five balancing criteriain combination
(long-term effectiveness and permanence; reduction in toxicity, mobility and volume through
treatment; and short-term effectiveness). Overdl effectiveness of this selected remedy was
determined to be proportiond to its cost and hence this dternative represents a reasonable value
for the money to be spent.

The estimated present worth cost of Alternative 4 is $1,800,000, and is the least costly of all
dternatives evaluated that meet the threshold criteria. The Navy bdieves that MNA and FPR will
alow the migration of VOCsin groundwater to be controlled, thus removing the principa threet at
OU 8. This selected remedy is expected to be cost effective as long as naturd atenuation is
occurring and concentrations continue to decline.
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124 UTILIZATION OF PERMANENT SOLUTIONSAND ALTERNATIVE
TREATMENT (OR RESOURCE RECOVERY) TECHNOLOGIESTO THE
MAXIMUM EXTENT PRACTICABLE

The Navy has determined that the selected remedy represents the maximum extent to which
permanent solutions and treatment technologies can be utilized in a practicable manner a OU 8. Of
those dternatives that are protective of human health and the environment and comply with
ARARSs, the Navy has determined that the selected remedy provides the best balance of trade-offs
in terms of the five balancing criteria. The Navy has aso consdered the statutory preference for
treatment as aprincipa e ement and a bias againg off-gte treatment and disposad and considered
state and community acceptance.

Alternative 4, provides a permanent solution to exposure to contaminated groundwater by
removing the principa threet, reducing groundwater contaminants, and preventing unauthorized use
of contaminated groundwater until the cleanup levels are met. Natura attenuation will reduce the
concentrations of contaminants to levels below the cleanup levels. An dternate water supply has
been provided to Mountain View Road resident to remove risks until the groundwater quality meets
the drinking water standards.

Alternative 4 is the mogt effective in the long term due to Smpler operating requirements of the
remedia action as compared to other dternatives. Alternative 4 uses proven technologies that
increase the rdiability in reducing contaminant toxicity, mobility, and volume through treestment. This
dternative includes measures to address short-term risk to nearby resdents. The existing P& T
system or an RM system can be implemented if naturd attenuation does not clean up the
groundwater in areasonable time frame. Alternative 4 is the most cost effective dternative.

Ecology has been involved with the remediad investigation and remedy sdection process. Concerns
regarding the development of the aternatives were identified by Ecology and were adequately
addressed. Ecology accepts the use of the selected aternative.

The community did not object to the use of Alternative 4, MNA+FPR+IC, & OU 8. The sdlected
dterndive provides for enough flexihility to address any additiona concerns during O&M of the
remedid action.

A five-year review of the sdected remedy will be performed in accordance with the NCP. The
review will be conducted as part of the SUBA SE-wide reviews no less then every five years after
the signing of the ROD to ensure the remedy continues to provide adequate protection of human
hedlth and the environment.

125 REFERENCE FOR TREATMENT ASA PRINCIPAL ELEMENT
The sdlected remedy includes as its principa € ement remova of the principa threat (LNAPL) and

the reduction of groundwater contaminant mass through a destructive process. The selected remedy
utilizes naturd atenuation for the following reesons
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The two-phase naturd atenuation study indicates that naturd attenuation is occurring
and that groundwater a OU 8 provides favorable conditions for continued natural
attenuation.

An dternate water supply is being provided to Mountain View Road residents whose
water supply has been impacted by VOCs.

12.6 FIVE-YEAR REVIEW REQUIREMENTS

Because the sdlected remedy will result in contaminants remaining in OU 8 groundwater at
concentrations above levelsthat alow for unlimited use and unrestricted exposure, a statutory
review will be conducted within five years of remedia action to ensure that the remedy is, or will
be, protective of human hedth and the environment.
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13. DOCUMENTATION OF SIGNIFICANT CHANGES

The Proposed Plan for OU 8 was released for public comment in May 2000. The Proposed Plan
identified Alternative 4 (MNA+FPR+IC) as the preferred dternative for OU 8 groundwater
remediation. This aternative reduces the potentia for exposure to contaminated groundwater
through the use of natura attenuation, source remova, and inditutiond controls. The Navy and
Ecology have reviewed dl written and verba comments submitted during the public comment
period. It was determined that no sgnificant changes to the remedy, as origindly identified in the
Proposed Plan, were necessary.
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14. RESPONSIVENESS SUMMARY

The Navy, together with the U.S. EPA and Washington State Department of Ecology (Ecology)
presented the Proposed Plan for Remedia Action a OU 8 to the public during a Public Meeting held
on May 16, 2000. Between May 12 and June 13, 2000, the Navy accepted comments on the
Proposed Plan. During this comment period, atotd of three comments were recelved. Eachis
presented below, dong with the Navy’ s response.

COMMENT 1. | understand there were some payouts made to the neighbors as settling their clams on
some of thethings. Isthat lig available?

RESPONSE: This question was posed verbaly at the Public Meeting aswell asin writing. After some
research into the matter, the Navy responded to the commentor by phone on May 25, 2000 with the
following: Four clams have been filed under the Federd Tort Claims Act and these clams are pending.

COMMENT 2. What can be done for the orange residue in the water closet and dishwasher?

RESPONSE: The discoloration you observe ismogt likely due to iron in the water, something thet is
unrelated to the OU 8 site. The source of thisiron can be the water, or the piping conveying it. The
Navy recommends that you contact your water supplier, the Slverdde Water Didtrict, to learn what
can be done to address this issue, such as faucet filters, etc. The Silverdde Water Didrict’s Genera
Manager is Mr. Morgan Johnson and his phone number is (360) 692-2604.

COMMENT 3. Water pressure at the tap drops off to low after the water runs for about a quart.

RESPONSE: Similar to Comment 2, thisissue is again unrelated to the OU 8 site and something that
may be addressed with the water supplier who's name is given above. The low pressure may be
attributable to the water pressure supplied from your service connection, your in-house plumbing, or a
combination of the two.
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Table 5-1. Geologic and Hydr ogeologic Units of Kitsap County, Washington.
Construction Fill

At OU 8, widely distributed throughout the Public Works Industrial Areato depths of three feet.

. Locally present to depths of 10 to 15 feet
. Present beneath roadways and parking surfaces.

Holocene Sediments

At OU 8, includes thin layers of silt, sand and gravel in branches of Clear Creek.
Includes recent stream, lake, swamp and beach deposits.

Localized, thin layers of sand, gravel, silt or peat.

Variable permeability, and of little importance as an aquifer.

Vashon Recessional Outwash (Qvr)

Not present at OU 8.

Glacial meltwater deposits of variable thickness, but up to 100 feet.
Discontinuous, unconsolidated deposits of sand, gravel, cobbles and silt.
Locally produces small quantities of perched groundwater.

Vashon Till (Qut)

Predominant surface deposit at OU 8, up to 40 feet thick. Generally unsaturated.

Regionally widespread unit up to 100 feet in thickness.

Typicaly avery dense mixture of sand, gravel, silt, and cobbles.

Low hydraulic conductivitiesin 10° to 10 cm/sec range. Higher where weathered as at OU 8.

Vashon Advance Outwash (Qva) ! “Shallow Aquifer”

Focus of the OU 8 RI/FS. Typically 100 feet of coarsening upward sandy silt to sandy gravel.
Hosts regionally extensive shallow, unconfined aquifer system.

At OU 8, Qvathinsto east, and islocally absent beneath the main branch of Clear Creek.
Hydraulic conductivitiesin 102 to 1 cm/sec range. Specific yields range from 3 to 20 percent.
Where saturated, yields moderately large quantities of water.

Lower contact with Lawton Clay is gradational over several tens of feet

Also referred to as Esperance Sand.

Lawton clay
Forms lower bounding aquitard with the Qva aquifer.
Typically 40 to 80 feet thick, but up to 200 feet thick.

Low hydraulic conductivitiesin the 107 to 10® cm/sec range.
Where outcrops, springs and seeps common at upper contact with Qua.
Lowest stratigraphic unit investigated at OU 8

Possession Drift

. Heterogeneous mixture of till and outwash deposits.
. Discontinuous across SUBASE Bangor.

Kitsap Formation

Typically 70 to 150 feet thick, but up to 300 feet.
Nonglacia fluvia and lacustrine deposits consisting of sand, gravel, silt and clay.
Middle member consists of dense silt, clay and peat occurring at or near sealevel forming regional aquitard.
Regionally extensive stratigraphic unit.
Also referred to as the Clover Park, Devils Hole, or Whidbey Formation.
Salmon Springs Drift

. Host to regional extensive, deep water supply aquifer.

*  Variablelithology: sand, gravel, silt and clay.
. Up to 300 feet in thickness.

Early Pleistocene Deposits (Undiffer entiated)

. Glacia and interglacia deposits up to 400 feet thick.
. Consists mostly of silt and clay, with interbedded sands and gravels.
. Forms basal confining stratigraphic unit for Quaternary aguifer systems.

Tertiary Bedrock

»  Generdly dark colored, fine grain basalts and other volcanic rocks.
»  Total thickness unknown, but greater than 7,000 feet.
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Table 5-2. Physical Properties of the Shallow Aquifer.

Description Result Unit
Transmissivity (T) 6,720 ft?/day
Hydraulic conductivity (K) 67 ft/day
Specific yield 0.6184 Percent
Porosity (average) 34 Percent
Effective porosity 20 Percent
Pore velocity 15 ft/day

550 ft/year

Note: Hydraulic conductivity was cal culated based on aquifer thickness of 100 feet.
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Table 5-3. OU 8 Sampling Rationale by L ocation. Part 1 of 2

L ocation Sample Analysis Rationale
Types
Sour ce Area | dentification
8MW38 Sail VOC, L ocation of former paint shop at Building 462. Spray guns were reportedly
Soil Gas SvOoC cleaned out using solvents. Trichloroethene (TCE) was detected in soil
Groundwater vapor just east of building, but no other sampling was conducted at this
location.
8MW39 Sail VOC, Northeast corner of Building 1026 (maintenance shop) where elevated
Soil Gas SvoC concentration of chlorinated VOC were previously detected in soil vapor,
Groundwater and dumping of paint and solvents allegedly occurred in the past.
8MW40 Sail VOC, East side of Building 1026 where elevated concentrations of chlorinated
Soil Gas SvOoC VOC were previously detected in soil vapor, and dumping of paint and
Groundwater solvent allegedly occurred in the past.
8Mw41l Sail VOC, Northeast end of Building 1014 where elevated concentrations of
Soil Gas SvOoC chlorinated VOC were previously detected in soil vapor, and traces of PCE
Groundwater were detected in Site 27 soils. Solvents were previously used and stored in
Building 1014, and some were reportedly dumped in the gravel-lined steam
cleaning pit.
8MW42 Sail VOC, Between Buildings 1014 and 1203 where elevated concentrations of
Soil Gas SvOoC chlorinated VOC were previously detected in soil vapor, and trace levels of
Groundwater PCE were detected in Site 27 soils. Solvents were previously used and
stored in Building 1014, and some were reportedly dumped in the gravel
lined steam cleaning pit.
8MW43 Soil VOC, Located just off the southwest corner of Building 1014 where low
Soil Gas SvOoC concentrations of tetrachl oroethene (PCE) were detected in soil vapor.
Groundwater Solvents were previously used and stored in Building 1014.

8MW44 Sail VOC, Location of former Building 665 where chlorinated solvents were used and
Soil Gas SvOoC stored, and steam cleaning operations took place. Previous soil vapor
Groundwater survey did not investigate this area.

8MW45 Sail VOC, North end of former Building 15 (powerhouse/voltage shop). A train
Soil Gas SvoC reportedly crashed into the building demolishing two drums of TCA.
Groundwater Previous soil vapor studies did not investigate this area.

8MW46 Sail VOC, Located immediately south of Building 1268 where paints, solvents, and
Soil Gas SvOoC pesticides were previously stored. Previous soil vapor survey did not
Groundwater investigate this area.

8MW47 Sail VOC, Just north of Building 1021 where solvents were previously used and
Soil Gas SvOoC stored. Low concentrations of 1,1,1-trichloroethane (TCA) were previously
Groundwater detected in soil vapor.

8MW48 Sail VOC, South of Building 1202, and immediately adjacent to the former waste ail
Soil Gas SvOoC UST. Previous investigations have detected el evated concentrations of
Groundwater chlorinated VOC in soil vapor, and TPH in soil at 24,000 ppm. Paints and

solvents were formerly stored in this building.

8MW49 Sail VOC, Location of former Building 262, open storage for empty drums. Previous

Soil Gas SvOoC soil vapor survey did not investigate this area.
Groundwater

V6 Soil Gas VOC Location of former paint shop, Building 1032. Previous investigation at Site

vV 28 detected trace levels of PCE in soil. 1995 soil gas survey did not
investigate this area, and existing vapor wells connected to petroleum
remediation system not sampled for chlorinated VOCs.

VS11 Soil Gas VOC Vicinity of abandoned UST east of Building 1038, and former underground
fuel vault (Building 18). Existing vapor wells connected to petroleum
remediation system not sampled for chlorinated VOCs, and 1995 soil gas
survey did not investigate this area.
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Table 5-3. OU 8 Sampling Rationale by L ocation. Part 2 of 2
L ocation Sample Types | Analysis Rationale
VS13 Soil Gas VOC Vicinity of former underground fuel vault (Building 18). Existing vapor
wells connected to petroleum remediation system not sampled for
chlorinated VOC, and 1995 soil gas survey did not investigate this area.
VS16 Soil Gas VOC Former location of paint shop (Building 17). Existing vapor wells connected
to petroleum remediation system not sampled for chlorinated VOC, and
1995 soil gas survey did not investigate this area.
MWO03 Soil Gas VOC These 4 existing wells have screen above the water table that permit the
MWO04 collection of soil gas samples. These locations were either outside the area
MWO05 of the 1995 soil gas survey (MWOQ7), were not completely investigated
MWOQ7 (MWO03 & MWO04) or contained elected concentrations of chlorinated VOC
in soil gas (MWO05).
Assess Vertical Extent of VOC and Characterize Lawton Clay
8MW50 Soil Groundwater | VOC Deep monitoring well in center of Public Works Industrial Areato
SvoC complement existing shallow and intermediate compl etions (8MWO06 and 7).
Define vertical extent of VOC in groundwater using Hydropunch® method.
Determine depth and hydraulic conductivity of Lawton Clay.
Monitor Eastern Margin of OU 8
8MW51 Soil Groundwater | VOC Monitor intermediate depth groundwater cast of Clear Creek Road.
SvOoC
8MW52 Soil Groundwater | VOC Monitor deep groundwater east of Clear Creek Road.
SvoC
Assess Current Extent of VOC
All Groundwater VOC Complete round of groundwater monitoring to determine the current extent
Existing (AllOU 8 Wells) | SVOC and concentration of the groundwater contamination plume.
Wedls
Collect Additional Data to Support Risk Assessment
SP1 Groundwater VOC Evaluate the presence or absence of exposure pathway in Clear Creek.
SP2 seep SvoC
SP3 Sediment
Key:
VOC Volatile Organic Compounds by EPA Modified Method 8260 (includes acetone). Soil vapor by EPA Method TO-14.

SvoC

Semivolatile Organic Compounds by Modified Method 8270 (includes bromacil and heptachlor epoxide)

! Six existing wells at OU 8 were sampled for SYOC: 8MW01, 8MWO03, 8BMWO06, 8MW13, 8MW24, and 25MWO01.

Additional Notes:
«  Selected soil samples were tested for grain size, bulk density, porosity, hydraulic conductivity (Lawton Clay only), total organic

carbon, ion exchange capacity and redox potential to support fate and transport modeling and remedial design.
e Selected groundwater samples were tested for total dissolved solids, hardness, Langelier index, and total organic carbon to support

fate and transport modeling and remedial design.

¢ All groundwater samples were field tested for pH, turbidity, temperature, dissolved oxygen, and conductivity.
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Table5-4. VOC and SVOC Detectionsin Subsurface Soil Samplesand Screening L evels (from RI Report,

1999)
MTCA B [ Maximum Detected
voC Number of| Number | Detected Concentration (F/kg) | Screening L ocation
Analyses | of Detects Levels
Minimum M aximum (F/kg) Well | Depth (ft)
VOC
L,2,4-Trimethylbenzene 28 9 4 43,000 NA 8MW49 30
1,2-Dichloroethane (DCA) 28 1 11 11 11,000 |8MWA47 40
1,3,5-Trimethylbenzene 28 9 1 11000 NA 8MW49 30
Acetone 28 2 11 16 8,000,000 |8MW49 35
Benzene? 28 3 24 460 345,000 [8MWA49 30
Ethylbenzene? 28 7 1 6,700 8,000,000 |8MW49 30
sopropylbenzene 28 3 1 1,100 3,200,000 |8MW49 30
m-Xylene + p-Xylene 28 8 1 34 160,000,000 | BMW49 25
h-Propylbenzene 28 6 2 4,300 NA 8MW49 30
Naphthal enet 28 8 7 11,000 3,200,000 |8MW49 30
p-Xylene 28 8 1 14,000 160,000,000 | BMW49 30
sec-Butylbenzene 28 2 5 640 NA 8MW49 30
[Toluene? 28 8 1 12,000 16,000,000 | 8MW49 30
SVOC

P-Metylynaphthal ene? 24 6 140 2,400 NA 8MW49 30
Acenaphthene 24 1 650 650 NA 8MW38 35
Anthracene 24 2 330 620 24,000,000 | 8BMW38 35
Benz(a)anthracene? 24 1 230 230 0.012 8MW38 35
Benzo(a)pyrene? 24 1 120 120 0.012 8MW38 35
Benzo(b)fluoranthene? 24 1 150 150 0.012 8MW38 35
Benzoic acid 24 1 660 660 320,000,000 | 8MW41 15
Bis(2-Ethylhexyl)phthal ate? 24 1 140 140 714  |8MW46 30
Chrysene? 24 2 120 290 0012 [8MW38 35
Dibenzofuran 24 1 380 380 NA 8MW38 35
Fluoranthene 24 1 930 930 3,200,000 |8MW38 35
Fluorene 24 1 540 540 3,200,000 |8MW38 35
Naphthalene! 24 1 1,500 1,500 3,200,000 |8MW38 35
Phenanthrene 24 1 1,800 1,800 NA 8MW38 35
Pyrene 24 2 720 750 2,400,000 |8MW42 5

Notes: Sample concentrations and MTCA levels shown in Fg/kg.
Concentrations exceeding MTCA B levels shown in bold face.

Samples analyzed by Modified EPA Method 8270.
NA I MTCA B value not available for either soil or groundwater.

 Napthal ene appears on both the 8260 and 8270 list of target compounds.

2 |dentified COPC for on-base subsurface soil.
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Table 5-5. VOC Detectionsin Groundwater Samples and Screening L evels (from RI Report, 1999 Part 1 of 2
Detected Concentration MTCA B
(FoglL) Screening Maximum Detected L ocation
Number of Number of Levels
VOC Analyses Detects Minimum Maximum (FoglL) Well Groundwater Zone
Public Works Industrial Area

1,1,1-Trichloroethane 37 12 0.3 10 7,200 8MW24, S

8MW30,

8MW40 &

8MW49
1,1,2-Trichlor oethane? 37 4 3 24 0.768 8MW33 S
1,1-dichloroethane 37 3 2 8 800 MWO03 & MW48 S
1,1-Dichlor oethene? (DCE) 37 2 3 8 0.0729 MWO04 & S

8MW33
1,2,4-Trimethylbenzene 37 13 0.4 2,800 NA 8MWO04 S
1,2-Dibromoethane? (EDB) 37 5 11 300 0.00515 8MW49 S
1,2-Dichlor oethane? (DCA) 37 8 0.9 990 0.481 8MW24 S
1,2-Dichlor opropane? 37 2 3 6 0.643 8MW33 S
1,3,5- Trimethylbenzene 37 12 2 620 NA MWO04 S
2-Chlorotoluene 37 1 51 51 NA MWO08 S
Benzene? 36 13 0.4 9,800 1.51 8MW49 S
[carbon tetrachloride? 11 1 3 3 0.337 8MW31 |
lichloroform? 37 9 0.4 3 7.17 8MW42 S
cis-1,2-Dichloroethene 37 2 0.5 4 80 MWO04 & S

8MW42
[Ethylbenzene? 37 12 10 1,600 800 8MW30 S
(Il sopropylbenzene? 37 12 3 60 640 8MW30 S
ll sopropyltoluene 37 2 4 16 NA MWO5 s
[M-Xylene + p-Xylene? 37 12 13 7,700 16,000 MWO04 S
IN-Propylbenzene? 37 10 0.2 150 NA 28MW01 s
(Naphthalene 2 37 12 3 690 320 8MW49 S
o-Xylene? 37 12 4 3,600 16,000 MWO04 S
sec-Butylbenzene 37 1 0.6 0.6 NA MWO03 D
tert-Butylbenzene 37 1 49 49 NA MWO08 S
Tetrachloroethene 37 1 0.7 0.7 0.858 MWO09 S
Toluene? 37 12 21 18,000 1600 8MW47 S
Trichloroethene? 37 1 7 7 3.98 8MW39 S
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Table5-5. VOC Detectionsin Groundwater Samples and Screening L evels (from RI Report, 1999) Part 2 of 2
MTCA B
Screening
Number of Number of Detected Concentration Levels
VOC Analyses Detects (FglL) (FglL) Maximum Detected L ocation
SUBASE Boundary
1,1,2-Trichlor oethane? 4 3 6 10 0.768 8MWO03 |
1,1-Dichloroethane 4 1 0.6 0.6 800 8MWO01 |
1,1-Dichlor oethene? (DCE) 4 3 2 4 0.0729 8MWO03 |
1,2-Dichlor oethane? (DCA) 4 3 100 300 0.481 8MWO03 |
1,2-Dichlor opropane? 4 2 2 5 0.643 8MWO03 [
Benzene? 4 3 0.9 60 151 8MWO03 |
| sopropylbenzene? 4 1 0.5 0.5 640 8MWO03 |
Mountain View Residential Area
1,1,2-Trichloroethane? 5 1 35 35 0.768 8MW13 [
1,1-Dichlorethene? (DCE) 5 1 13 13 0.0729 8MW13 |
1,2,4-Trimethylbezene 5 1 0.6 0.6 NA 8MW13 |
1,2-Dichloroethane2 (DCA) 5 1 340 340 0.481 8MW13 [
1,2-Dichlor opropane? 5 1 15 15 0.643 8MW13 [
Benzene? 5 1 130 130 151 8MW13 [
Carbon tetrachloride 5 1 2 2 0.337 8MW19 [
Notes:

Concentrations exceeding MTCA B Levels shown in bold face

S = shallow aquifer depth, | = intermediate aquifer depth, D = deep aquifer depth.
NA - MTCA B value not available for either soil or groundwater

1 Napthalene appears on both the VOC and SVOCs list of compounds

2 |dentified as COPC in groundwater

Projects\Federal\Dod\Navy\60857.12 SUBASE Bangor\Final ROD
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Table5-6. SVOC Detectionsin Groundwater Samples and Screening L evels (from RI Report, 1999)

Detected Concentration MTCA B
Number of Number of (FoglL) Screening Max Detected L ocation
sSvocC
Analyses Detects - . Levels Groundwater
Minimum Maximum Well
(FglL) Zone
Public Works Industrial Area
2-Chlorophenol 19 1 4 4 80 8MW39 S
2-Methylnaphthal ene? 19 4 20 160 NA 8MW49 S
2-Methlphenol? 19 2 40 81 800 8MW47 S
4-Chloro-3-methylphenol 19 1 6 6 NA 8MW39 S
4-Methylphenol? 19 2 9 73 80 8MW47 S
Acenaphthene 19 1 3 3 960 8MW39 S
Benzoic acid 19 3 25 66 64,000 8MW48 S
Bromacil? 19 1 30 30 901 8MW48 S
Phenol 19 4 4 35 9,600 8MW47 S
Pyrene 19 1 3 3 480 8MW39 S
SUBASE Boundary
bis(2-Chloroethyl)ether? 3 1 4 4 320 8MWO03 I
bis(2-Ethylhexyl)phthal ate? 3 1 3 3 6.25 8MWO01 I
Bromacil? 3 2 13 30 901 8MWO03 I
Mountain View Residential Area
bis(2-Chloroethyl)ether? 4 1 8 8 320 8MW13

Notes:

NA - MTCA B value not available for either soil or groundwater.

1EPA health advisory for long term exposure.

2|dentified as COPC in groundwater.

Concentrations exceeding MTCA B Levels shown in bold face, no exceedances in Table 5-6.
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Table5-7. VOC and SVOC Detections in Groundwater Seep and Sediment Samples and
Screening Levels(from Rl Report, 1999)

L ocation Matrix Chemical Concentration MTCA Method B
(ppb) Screening L evels (ppb)
Volatile Organic Compounds

SP1 Groundwater Seep Toluene 9 1,600

SP1 Sediment Toluene 74 16,000,000
SP3 Sediment Toluene 90 16,000,000
SP3 Sediment Acetone 350 8,000,000

Semivolatile Organic Compounds

SP1 Groundwater Seep Di-n-octylphthal ate 10 NA

SP1 Groundwater Seep bis(2-Ethylhexyl)phthal ate 4] 6.25

SP1 Groundwater Seep Benzoic Acid 9 64,000

SP1 Sediment 4-Methylphenol 990 NA

SP2 Groundwater Seep Benzoic Acid 7 64,000

SP3 Groundwater Seep Benzoic Acid 3 64,000

Notes:
Concentrations shown in parts per billion (ppb). Thisis Fg/L for groundwater seep samples, and Fg/kg for sediment samples.
MTCA Method B cleanup levels are for groundwater and soil.

Projects\Federal\Dod\Navy\60857.12 SUBASE Bangor\Final ROD
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Table 5-8. Chemicals of Concern in OU 8 Groundwater and Chemical-Specific ARARS.

Chemical of Concern Risk Assessment SDWA MCLst! MTCA Method B?
1995/96° 1998/99° el (ug/L)
Benzene v 5 151
1,2-Dibromoethane (EDB) v 0.05 0.000515
1,2-Dichloroethane (DCA) v X 5 0.481
1,1-Dichloroethene (DCE) v 7 0.0729
Toluene v 1000 160
1,2,4-Trimethy|benzene v - -
Bis(2-Chloroethyl)ether v X - 0.0398
Bis(2-Ethylhexyl)phthalate v 6 6.25
Naphthalene v - 320

Note:
a- 1995/96 risk assessment for site-wide groundwater.
b - 1998/99 risk assessment for off-base groundwater.
1 - Safe Drinking Water Act (SWDA), Maximum Contaminant Levels (MCLS).
2 - State of Washington Model Toxics; Control Act (MTCA), Method B values.
U - Human health risks to on-base residents.

X - Human health risks to off-base residents.

Project\Federal\Dod\Navy\60857.12 SUBASE Bangor\Final ROD tables 5-8,7-1 7-2
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Table5-9. Chemical Specific Risk Summary by Exposure Pathway and Receptor at OU 8 (Original Risk Assessment, 1995/96).
Exposur e Pathway
Dermal Contact : Risk by
Ingestion of with Inhalation during | Inhalation during '"ggsrtc')gg el Ingestion of Agoregate
Groundwater Groundwater showering Irrigation Livestock Exposure Only
Non- Non- Non- Non- Non- Non- Non-
Chemical of Concern Cancer Cancer Cancer | Cancer | Cancer | Cancer [Cancer | Cancer | Cancer | Cancer | Cancer | Cancer | Cancer Cancer
Benzene u U k! u u u U k! ut k
1,2-Dibromoethane (EDB) u u
1,2-Dichloroethane (DCA) u u
1,2-Dichloroethene (DCE) U
Toluene U ut U
1,2,4-Trimethylbenzene ut
Bis(2-Chloroethyl)ether F Uk
) U U
Bis(2-Ethylhexyl)phthalate 5k § K
"Naphthal ene Ut

U- Future on-base residents (adults)
U*" Future on-base residents (children only)
_J - Current off-base residents (adults)
k - Future off-base residents (adults)
k- Future off-base residents, (children only)

Projects\Federal\Dod\Navy\60857.12 SUBA SE Bangor\Final ROD
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Table5-10. Chemical Specific Risk Summary for Future Off-Base Residents by Exposur e Pathway at OU 8 (1998/99 Risk Assessment).

Chemical of Concern

Exposur e Pathway

Ingestion of
Groundwater

Dermal Contact
with Groundwater

Inhalation during
showering

Inhalation during
Irrigation

Ingestion of
Crops

Ingestion of
Livestock

Risk by Aggregate
Exposure Only

Non-
Cancer Cancer

Non-
Cancer Cancer

Non-
Cancer Cancer

Non-
Cancer Cancer

Non-
Cancer Cancer

Non-
Cancer Cancer

Non-
Cancer Cancer

Benzene

1,2-Dibromoethane (EDB)

1,2-Dichloroethane (DCA)

1,2-Dichloroethene (DCE)

Toluene

1,2,4-Trimethylbenzene

Bis(2-Chloroethyl)ether

Bis(2-Ethylhexyl)phthal ate

Naphthalene

k - Future off-base residents (adults)

Projects\Federal\Dod\Navy\60857.12 SUBA SE Bangor\Final ROD
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Table 7-1. Chronic Toxicity Valuesfor Noncar cinogenic Chemicals of Concern.

Benzene Oral 3x10°% 1000 3 medium blood cytopenia STSC
Inhalation 1.7x10% - - - - - EPA
Dermal 2.4x10° -- -- -- - - EPA
1,2-Dibromoethane (EDB) Oral NA - - - - . —
Inhalation 5.7x10° - - - liver hepatic effects EPA
Dermal NA -- -- -- - . -
1,2-Dichloroethane (DCA) Ora 3x10? 1000 1 low body and kidney weight changes STSC
Inhal ation 1.4x10° - - - - - cO
Dermal 2.4x10? - - - - - [oe)
1,1-Dichloroethene (DCE) Oral 9x103 1000 1 medium liver hepatic lesions EPA
Inhalation 9x10°3 - - - - - CO
Dermal 7.2x10°% -- - -- - - CcoO
Toluene Oral 2x10? 100 1 medium liver weight changes EPA
Inhalation 1.1x10% 100 3 medium nervous system neurobehavioral EPA
Dermal 1.6x10% -- -- - . . coO
1,2,4-Trimethylbenzene Oral 5x107 NA NA NA NA NA EPA
Inhalation 5x10%? - - - - - 6]
Dermal 4x1072 - - - - - CcoO
Bis(2-Chloroethyl)ether Ora NA - -- -- - - -
Inhalation NA -- -- -- - . .
Dermal NA -- - -- -- - -
Bis(2-Ethylhexyl)phthal ate Oral 2x107? 1000 1 medium liver increased weight EPA
Inhalation 2x107? -- -- -- -- - co
Dermal 1x107 -- -- - - - co
Naphthalene Oral 1x107? - -- -- - - -
Inhalation 1.1x102 -- -- -- lung inflamation NTP
Dermal 2x10? - - - - - al

ClI - Extrapolated from chronic inhalation toxicity data.
CO - Extrapolated from chronic oral toxicity data.

EPA - U.S. Environmental Protection Agency.
NA - Toxicity value not currently available.
STSC - Superfund Technical Support Center Provisional Value.
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Table 7-2. Toxicity Valuesfor Carcinogenic Chemical of Concern.

Carcinogenicity Slope Factor
Chemical of Concern Category? Exposur e Route | (mg/kg-day)? Target Organ Critical Effect Species Exposure Route | Source
enzene A Oral 2.9x10° blood Tuekemia human inhalation EPA
Inhalation 2.9x10%? blood leukemia human inhalation EPA
Dermal® 3.6x10% - - - = -
[1,2-Dibromoethane (EDB) B2 Oral 8.5x10? stomach, liver, and blood carcinomas rat ingestion EPA
Inhalation 7.7x10" spleen and adrenal gland tumors rat inhal ation EPA
Dermal? 1.1x107? - - - - -
1,2-Dichloroethane (DCA) B2 Oral 9.1x107? cardiovascular system hemangio-sarcomas rat ingestion EPA
Inhalation 9.1x107? circulatory system sarcomas rat inhalation EPA
Dermal 1.1x10? -- - - - -
[1,1-Dichloroethene (DCE) C Oral 6x10? adrenal gland tumors rat ingestion EPA
Inhalation 1.7x10% kidney and mammary carcinomas mouse inhalation EPA
Dermal? 7.5x10% - - - - -
Toluene -- Oral -- -- - - - -
Inhalation -- -- -- -- - .
Dermal? -- -- -- -- -- --
1,2,4-Trimethylbenzene -- Oral -- -- -- -- -- --
Inhalation -- -- -- -- - -
Dermal -- -- -- -- -- --
Bis(2-Chloroethyl)ether B2 Ora 1.1x10° liver tumors mouse ingestion EPA
Inhalation? 1.2x10° - - - = -
Dermal? 2.2x10° -- - - - -
carcinomas and
Bis(2-Ethylhexyl)phthal ate B2 Ora 1.4x107? liver adenomas rat and mouse ingestion EPA
Inhal ation? 1.4x1072 - - - - -
Dermal? 2.8x10%? -- - - - -
Naphthalene -- Oral -- -- -- -- -- -
Inhalation -- -- -- . - .
Dermal -- -- -- -- -- --

1 - EPA weight of evidence classification.
2 - Derived from chronic oral slope factor.

-- No data available.

EPA - U.S. Environmental Protection Agency.
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Table 7-3. Potentially Complete Exposur e pathwaysfor Potential Receptor at OU 8.

On-base Receptors Off-base Receptors
Future
Construction Future Current Future
Exposur e Pathway Workers Residents Residents Residents

Incidental ingestion of subsurface soil X X

Incidental ingestion of surface soil irrigated with

contaminated groundwater X X
||Derma| contact with subsurface soil X X

Dermal contact with surface soil irrigated with

contaminated groundwater X X
"I nhalation of particulates from subsurface soil X X

Inhalation of particulates from surface soil irrigated with

contaminated groundwater X X
||I nhalation of volatiles form subsurface soil X X

Inhalation of volatiles form surface soil irrigated with

contaminated groundwater X
"I ngestion of groundwater from a hypothetical well X

Dermal contact with groundwater form a hypothetical well

during bathing or showering X X
Inhalation of volatiles form groundwater from a

hypothetical well during bathing or showering X X
Inhalation of volatiles from groundwater during soil

irrigation X X X
Ingestion of crops or other vegetation irrigated with

contaminated groundwater X X X
Ingestion of livestock and deer that consume crops and

ingest soilsirrigated with contaminated groundwater X X X

Projects/Federal/Dod/Navy/60857.12 SUBASE Bangor/Final ROD
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Table 8-1. Cleanup Levelsfor Chemicals of Concern in Groundwater, SUBASE Bangor

Reference Origin
Cleanup Level? (MTCA
Chemical of Concernt CAS Number (ug/L) Method B2 vsMCL*)

Benzene 71-43-2 5 MCL
1,2-Dibromoethane (EDB) 106-93-4 0.000515 MTCA Method B
1,2-Dichloroethane (DCA) 107-06-2 5 MCL
1,1-Dichloroethene (DCE) 75354 0.0729 MTCA Method B
Toluene 108-88-3 1000 MCL

CAS - Chemical Abstract Service

1 - Chemical of Concerns were determined using the maximum detected concentrations during the 1999 groundwater sampling events.
2 - Per MTCA Cleanup Levels and Risk Calculation (CLARC I1) February 1996 "Notes on MCL Table," MCLs are only usable as a
cleanup standard if when used in the MTCA Method B equations, they result in risks that meet the MTCA standards of 1x10-5 excess
cancer risk and hazard quotient (HQ) of 1.0.

3 - State of Washington Model Toxics Control Act (MTCA) Cleanup Regulation (WAC 173-340-720 [3])

4 - Maximum Contaminant Levels (MCLSs) under promulgation of the Safe Drinking Water Act (SDWA)

Project/federal/Dod/navy/60857.12 SUBASE Bangor/Final ROD Table 8-1
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Table 10-1. Summary of Present Value Costsfor Remedial Alternatives.

Estimated Present Worth
Remedial Alternatives Cost
Alternative 1: No Action
No Action $230,000
Total $230,000
Alternative 2. LTM+SVE(existing)+ P& T+LUC
Land Use Controls $370,000
Long Term Monitoring $970,000
Soil Vapor Extraction (existing system)* $700,000
Pump & Treat $2,400,000
Total $4,400,000
Alternative 3: MNA+RM+LUC
Land Use controls $370,000
Monitored Naturd Attenuation $970,000
Redox Manipulation $910,000
Total $2,300,000
Alternative 4. MNA+FPR+LUC
Land Use Controls $370,000
Monitored Natura Attenuation $970,000
Free-Product Recovery* $450,000
Total $1,800,000
Alternative 5. MNA+SVE(expanded)+LUC
Land Use Controls $370,000
Monitored Natural Attenuation $970,000
Soil Vapor Extraction 9expandeed system)? $1,300,000
Total $2,600,000
Alternative 6. LTM+FPR+SVE(expanded)+LUC
Land Use Controls $370,000
Long Term Monitoring $970,000
Free-Product Recovery $450,000
Soil Vapor Extraction (expanded system)* $1,300,000
Total $3,100,000
Notes:

Present worth cost over a 10-year period with annual inflation at 3% and interest at 5%.
1 - Present worth cost over 5 year operational period.
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Table 11-1. Estimated Cost for Ingtitutional Control (1C).
DESCRIPTION QUANTITY | UNIT | UNIT COST | TOTAL COST
CAPITAL COSTS
DIRECT CAPITAL COST 5|wdl $300 $4,000
Off-base supply well decommissioning 1|ls $800 $300
Warning signs and posts 1|ls $3,000 $3,000
Fence $7,800
Subtotal Direct Capital Cost
INDIRECT CAPITAL COSTS
Community meeting 1|ls $4,000 $4,000
Legal fee 1|ls $25,000 $25000
Subtotal Indirect Capital Cost $29,000
TOTAL CAPITAL COSTS (rounded) $37,000
OPERATING AND MAINTENANCE COSTS (12 months)
Ingtitutional control enforcement officer (40 hrs/month) 480 |hr $75 $36,000
Sign and fence replacement 1|ls $500 $500
TOTAL O&M COSTS (rounded) $37,000

Projects/Federal/Dod/Navy/60857.12 SUBASE Bangor/FINAL ROD tables 10 & 11
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Table 11-2. Present Worth Analysisfor Ingtitutional Control (1C).
Inflation 3%
Interest 5%
Cost in Present Dollars
Year Year Year Year Year Year Year Year Year Year
1 2 3 4 5 6 7 8 9 10
Utilities $ - $ - - - $ - $ - $ - - $ - $ -
Labor $ 36,000 ($ 36,000 36,000 36,000 ($ 36,000($ 36,000 |$ 36,000 36,000|$ 36,000 |$ 36,000
ODCs $ 4,000( % - - - $ - $ - $ - - $ - $ -
Reporting $ - $ - - - $ - $ - $ - - $ - $ -
Analytical Costs $ - $ - - - $ - $ - $ - - $ - $ -
Equipment Maintenance $ 500 (% 500 500 500 $ 500($ 500 ($ 500 500($ 500 ($ 500
Capital Costs $ 33,000($ - - - $ - $ - $ - - $ - $ -
Total $ 73,500 |$ 36,500 36,500 36,500 ($ 36,500($ 36,500 |$ 36,500 36,500|$ 36,500 |$ 36,500
Annual Cost in Future Dollars $ 73500 (% 37,595 38,723 39,885 ($ 41,081($ 42314 % 43,583 44.890|$ 46,237 ($ 47,624
Present Value of Annual Cost $ 73500 ($ 35,805 35,123 34,454 (% 33,797|$ 33154 |$ 32,522 31,903|$ 31,295 |$ 30,699
Total Present Value (rounded) $ 370,000
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Table 11-3. Estimated Cost for Monitored Natural Attenuation (MNA).
DESCRIPTION QUANTITY| UNIT UNIT COST TOTAL COST
CAPITAL COSTS
INDIRECT CAPITAL COSTS
Site specific health and safety plan 1lls $1,000 $1,000
Sampling and analysis plan S $4,000 $4,000
Subtotal Indirect Capital Cost $5,000
TOTAL CAPITAL COSTS (rounded) $5,000
OPERATION AND MAINTENANCE COST S (12 months)
Field labor (2 events, 3-person crew, 6 days/event, 8 hr/day) 288|hr $45 $12,960
Field labor per diem (2 events, 3-person crew, 6 days/event) 36| day $85 $3,060
RGA Rental (2 events, 6 days/event) 12(day $121 $1,452
Field GC (2 events, 2 weeks/event) 4|week $7,500 $30,000
Water Quality Meter Rental (2 events, 2 meters/event, 2 8| Week $1,000 $8,000
weeks/event)
Laboratory Analysis (VOCs, 2 events, 25 wells/event) 50| analysis $150 $7,500
Laboratory Analysis (Gen. Chem, 2 events, 25 wells/event) 50| analysis $550 $27,500
Field vehicle (2events, 6 days/event) 12|day $55 $600
Summary report 2|ls $5,000 $10,000
TOTAL O&M COSTS(rounded) $100,000

Projects/Federal/Dod/Navy/60857.12 SUBASE Bangor/FINAL ROD tables 10 & 11
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Table 11-4. Present Worth Analysisfor Monitored Natural Attenuation (MNA).

Inflation 3%
Interest 5%
Cost in Present Dollars
Year Year Year Year Year Year Year Year Year Year
1 2 3 4 5 6 7 8 9 10

Utilities $ - $ - $ - $ - $ - $ - $ - $ - $ - $ -
Labor $ 16,020|% 16,020|$ 16,020|% 16,020|$ 16,020|% 16,020|$ 16,020|% 16,020|$ 16,020|% 16,020
ODCs $ 45112 (% 45112($ 45112 (% 45112($ 45112 (% 45112($ 45112 (% 45112($ 45112 (% 45112
Reporting $ 10,000($ 10,000($ 10,000($ 10,000($ 10,000($ 10,000(|$ 10,000($ 10,000(|$ 10,000($ 10,000
Analytical Costs $ 35,000($ 35000($ 35,000($ 35000($ 35,000($ 35000($ 35,000($ 35000($ 35,000($ 35,000
Equipment Maintenance $ - $ - $ - $ - $ - $ - $ - $ - $ - $ -
Capital Costs $ - $ - $ - $ - $ - $ - $ - $ - $ - $ -
Total $ 106,132| $ 106,132| $ 106,132| $ 106,132| $ 106,132| $ 106,132| $ 106,132| $ 106,132| $ 106,132 $ 106,132
Annual Cost in Future $ 106,132 $ 109,316($ 112595(% 115973($ 119453($ 123,036($ 126,727($ 130529($ 134,445($ 138,478
Dollars
Present Value of Annual Cost |$ 106,132 $ 104,110($ 102,127($ 100,182|% 98,274 % 96,402 ($ 94,566 |$ 92,765($ 90,998 (% 89,264

Total Present Value (rounded) $ 970,000

Projects/Federal/Dod/Navy/60857.12 SUBASE Bangor/FINAL ROD tables 10 & 11
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Table 11-5. Estimated Cost for Free-Product Recovery
DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST
CAPITAL COSTS
DIRECT CAPITAL COST
Extraction well drilling and completion 5 (well $4,500 $22,500
Air piping 650 [ft $3 $1,950
Return piping 650 |ea $5 $3,250
Asphalt cutting and disposal 1800 |ft $8 $14,400
Shallow trenching 400 |ft $8 $3,200
Air compressor 1]ea $6,000 $6,000
Shallow conduit box and cover 900 |ft $20 $18,000
Free product recovery pump 2 |ea $2,500 $5,000
Vaves 1{ls $300 $300
Fitting 1f{ls $1,200 $1,200
Sol cutting disposal 1|ls $3,000 $3,000
Storage shed 1|ea $5,000 $5,000
Pumps/air compressor repair and replacement (year 3) 1|ls $5,000 $5,000
_____________________________________________ Subtotal Direct Capital Cost | ____________ | ________ | ___________|_ __________$88800]
INDIRECT CAPITAL COSTS
Construction oversight (mid-level, 5 days) 40 |hr $60 $2,400
Personal protetive equipment 1|ls $800 $800
Field vehicle 5 |day $55 $275
Traffic control (5 days, 8 hr/day) 40 |hr $35 $1,400
Site specific health and safety plan 1|ls $500 $500
Engineering design (mid-level) 80 |hr $60 $4,800
Engineering design (senior-level) 24 |hr $95 $2,280
CADD 16 |hr $45 $720
Free product disposal (average 55 gal/month) 12 |ls $220 $2,640
Report production (graphic & word process) 1|ls $1,500 $1,500
System startup 1|ls $10,000 $10,000
Field labor (2-person crew) 5 |day $300 $1,500
O & M Manual 1f{ls $2,000 $2,000
Subtotal Indirect Capital Cost $30,815
TOTAL CAPITAL COSTS (rounded) $120,000
OPERATING AND MAINTENANCE COSTS (12 months)
Field labor (system inspection and sample collection, 0.5 FTE) 1040 |hr $45 $46,800
Parts replacement budget 12 |mo $100 $1,200
Laboratory analysis (fingerprint, 2 events, 1 sample/event) 2 |analysis $500 $1,000
O & M report 4|ls $2,500 $10,000
Sampling equipment 1|ls $5,000 $5,000
Electricity 12 [mo $150 $1,800
TOTAL O & M COST S (rounded) $66,000

Projects/Federal/Dod/Navy/60857.12 SUBASE Bangor/FINAL ROD tables 10 & 11
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Table 11-6. Present Worth Analysisfor Free-Product Recovery (FPR).

Inflation 3%
Interest 5%
Cost in Present Dollars
Year Year Year Year Year Year Year Year Year Year
1 2 3 4 5 6 7 8 9 10
Utilities $ 1,800|$ 1,800 ($ 1,800|$ 1,800 ($ 1,800|$ - $ - $ - $ - % -
Labor $ 46,800 % 46,800 ($ 46,800 % 46,800 ($ 46,800 $ - $ - $ - $ - $ -
ODCs $ 7,640|$ 7640 ($ 7,640|$ 7640($ 7640|$ - $ - $ - $ - % -
Reporting $ 10,000|$ 10,000 |$ 10,000|$ 10,000 |$ 10,000|$ - $ - $ - $ - % -
Analytical Costs $ 1,000|$ 1,000 ($ 1,000|$ 1,000 ($ 1,000|$ - $ - $ - $ - % -
Equipment Maintenance $ 1,200($ 1,200|$ 1,200($ 1,200|$ 1,200($ - $ - $ - $ - % -
Capital Costs $ 115,000 $ - $ 5,000|$ - $ - $ - $ - $ - $ - $ -
Total $ 183,440|$ 68440| $ 73440( $ 68,440 |$ 68,440($ - $ - $ - $ - $ -
Annual Cost in Future Dollars  |$ 183,440|$ 70493 ($ 77912|$ 74,786 |$ 77,030($ - $ - $ - $ - % -
Present Value of Annual Cost |$ 183440|$ 67,136 |$ 70,669($ 64,603 ($ 63,373($ - $ - $ - $ - $ -
Total Present Value $ 450,000
(rounded)

Projects/Federal/Dod/Navy/60857.12 SUBASE Bangor/FINAL ROD tables 10 & 11
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ESTIMATED LNAPL QUANTITY
WELL ID | REPRESENTATVE | 9/98 LNAPL | LNAPL VOLUME |LNAPL VOLUME
AREA (3Q. FT) | THICKNESS (FT) (cu. F1)* (GAL)
vs2 890 0.13 17 130
BLDG 1026 Vs3 835 0.09 1 84
VsS4 1405 277 584 4367
VS7 517 0.70 54 406
V810 2038 $a 025 6306
8uW20 VS12 821 0.70 86 645
) Q@ BMw41 BMW49 705 0.90 95 712
TOTAL 7865 1792 13403
* ESTIMATES ASSUME 30% POROSITY AND 50% MAXIMUM LNAPL SATURATION
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Figure 5-14. Extent and Estimated Quantity of LNAPL Beneath the PWIA.
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Concentration Contours for Benzene in Groundwater, in 1996.
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SUBASE Bangor Proposed Plan
Information Session Scheduled
May 16, 2000

The Navy, Environmental Protection Agency (EPA), and Washington
Sate Department of Ecology invite public input and comment on a
Proposed Cleanup Plan for Operable Unit (OU) 8, Nava Submarine
Base, Bangor. The Plan outlines technologies being considered for
cleaningup chemicalsfound in groundwater at thissite so that potential
future health risks associated with these chemicals are minimized.

A 30-day public comment period runs May 12 to June 13, 2000.

You are invited to attend a May 16" Information Session and Public
Meeting to discuss and comment on the proposal's. Written and verbal
comments will beaccepted from you during the meeting, and at anytime
during the 30-day comment period.
Information Session: 6 p.m.to 7 p.m.
Public Meeting: 7 p.m.to 9 p.m.
Tuesday, May 16, 2000
Poulsbo Fire Station
911 N. E. Liberty Rd.
Poulsbo, WA 98370

OU 8 is located in the southeast portion of the base and was
investigated due to past practices associated with the Public Works
Industrial Area. Petroleum and volatile organic carbons have been found
in the groundwater and soil.

The Navy considered seven different cleanup technologies:

« LandUseControl—alegd agreement that prohibitscontact with,
and use of groundwater both on- and off-base, by physical and/or
land use restrictions.

e Long Term Monitoring—provides information that can be used
to measure performance of other technologies.

« Monitored Natural Attenuation—removes groundwater
contaminants through biological and chemical processesthat occur
naturally, without human assistance.

e Soil Vapor Extraction—pulls vapor from contaminated soil
underground and burnsit in a treatment unit before releasing it to

the air.

« Reduction/Oxidation (Redox) Manipulation—aids the
biological removal of chemicals by adding oxygen to the
groundwater. This “bio-sparging” process (adding air to the
groundwater) enhances natural attenuation by increasing
microorganism activity.

e  FreeProduct Recovery—removes fuel floating on the surface of
the groundwater by pumping or bailing it out.

e Pump and Treat—minimizes further off-base expansion of
contaminated groundwater by bringing up contaminated water
fromthewater table, removing chemicals, and returning the cleaned
water back to the water table.

After extensive evaluations and studies on each of the above
technologies, the Navy, EPA and Ecology believe the best protection
against potential risk to human health and the environment is a
combination of three cleanup technologies: Monitored Natural

Attenuation, Free Product Recovery, and Land Use Control.After

al public comment isreviewed, afinal cleanup technology selection will

be published in a Record of Decision.

(MORE)



Comments should be addressed to:
Mick Butterfield, B451
Environmental Resour ces Division
1101 Tautog Circle
Silverdale, WA 98315-1087
Phone: 360/396-5100
Fax: 360/396-396-7196

e-mail: mick.butterfield@subase.nsb.navy.mil

A copy of this Proposed Plan, the Remedial Investigation and
Feasibility Study report, and other documents containing information
directly related to the decision concerning the OU 8 clean up can be
found at the following locations:

Central Kitsap Library Kitsap PUD SUBASE Bangor
Library

1301 Sylvan Way 1931 Finn Hill Rd. (Base access
required)

Bremerton, WA 98310 Poulsbo, WA 98370

360/377-7601 360/895-5777

Information regarding OU 8 can al so be obtained by appointment from:

SUBASE Bangor Administrative Record
Engineering Field Activity, Northwest
Naval Facilities Engineering Command
19917 7" Avenue, N.E.

Poulsbo, WA 98370-7570
Librarian: 360/396-0034
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APPENDIX B

Exposure Point Concentrations of COPCs
1995/96 Risk Assessment
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Final
September 2000

TableB-1. Selection of Chemicalsof Concern from List of Detectionsin Off-Base Groundwater.

Screening Concentrations
EPA
EPA Region 9 PRG MTCA
Max Conc. Region 3 RBC Tap Water Method B Detection
Chemical ng/L mg/L ng/L mg/L Max>RBC? Frequency Freq.>5%? COPC?
Acetone 240 370 61 80 Yes 6/45 Yes Yes
Benzene 1700 0.36 0.39 1.51 Yes 28/117 Yes Yes
Bromodichloromethane 1 0.17 0.18 0.706 Yes 5/117 No No
2-Butanone 11 190 190 480 No 3/42 Yes No
Carbon tetrachoride 3 0.16 0.17 0.337 Yes 5/117 No No
Carbon disulfide 0.21 100 2.1 80 No 12/45 Yes No
Cloroethane 0.4 860 71 No 1/117 No No
Chloroform 45 0.15 0.16 7.17 Yes 23/117 Yes Yes
Chloromethane 0.31 1.4 15 3.37 No 2/117 No No
cis-1,2-Dichloroethene 0.02 6.1 6.1 8 No 1/117 No No
1,1- Dichlorethane 0.5 81 81 80 No 6/117 Yes No
1,2- Dichloroethane 420 0.12 0.12 0.481 Yes 25/116 Yes Yes
1,1- Dichloroethane 20 0.044 0.046 0.0729 Yes 11/116 Yes Yes
1,2 - Dichloropropane 27 0.16 0.16 0.643 Yes 11/117 Yes Yes
Ethylbenzene 2 130 150 80 No 18/117 Yes No
Methylene Chloride 0.047 4.1 4.3 5.83 No 6/117 Yes No
Tetrachlorethene 0.05 1.1 11 0.858 No 1/117 No No
Toluene 19 75 72 160 No 26/117 Yes No
trans-1,2-Dichloroethene 0.1 12 12 16 No 1/117 No No
1,1,2-Trichloroethane 57 0.19 0.2 0.768 Yes 11/117 Yes Yes
1,1,1-Trichloroethane 0.02 79 79 720 No 4/117 No No
Trichloroethene 0.11 1.6 1.6 3.98 No 1/117 No No
1,2,4-Trimethylbenzene 0.6 30 No 1/75 No No
Vinyl chloride 0.5 0.019 0.02 0.023 Yes 1/117 No No
m-Xylene + p-Xylene 5 1200 140 1600 No 1/75 No No
o-Xylene 3 140 140 1600 No 1/75 No No
Xylenes, total 8 1200 140 1600 No 23/42 Yes No
Semivolatile Organic Compounds
bis(2-Chloroethyl)ether 8 0.0092 0.0098 0.0398 Yes 1/8 Yes Yes
bis(2-Ehthylhex|)phthal ate 20 4.8 4.8 6.25 Yes 3/8 Yes Yes
Di-n-butyphthalate 1 370 370 160 No 18 Yes No
Isophorone 1 71 71 92.1 No 2/8 Yes No
2-Methylphenol 1 180 180 80 No 1/8 Yes No
Phenol 1 2200 2200 960 No 1/8 Yes No

Projects\Federal\Dod\Navy\60857.12 SUBA SE Bangor\final ROD
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TableB-2. Selection of Chemicalsof Concern from List of Detected Analytesin Off-Base Surface Sail (i.e.,
Sediments).
Screening Concentrations
EPA Region 9
PRG MTCA Max. >
Max. Conc | Residential Res Soil Method B Screening Detection | Frequency
Chemical mg/kg ma/kg mg/kg mg/kg Concentration? | Frequency >5%7? COPC?
Volatile Organic Compounds
Acetone 0.35 780 210 8 No 14 Yes No
Toluene 0.09 1600 79 16 No 2/3 Yes No
Semivolatile Organic Compounds
4-M ethylphenol | 0.99 39 33 0.8 Yes 12 Yes Yes

Projects\Federal\Dod\Navy\60857.12 SUBA SE Bangor\final ROD
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TableB-3. Selection of Chemicals of Concern from List of Detected Analytes Off-Base Surface Water (i.e., Seeps).

Screening Concentrations
- M ax.
: Max Conc. EPA Region 3 SR Method B > Screening :
Chemical my/L €9 Concentration? Detection Frequency COPC?
RBC Tap Water /L 0/ o
mg Frequency >5%7
ug/L my/L
Volatile Organic Compounds
Benzoic acid 9 15000 15000 6400 No 3/3 Yes No
Toluene 9 75 72 160 No 13 Yes No
Semivolatile Organic Compounds

bis(2- 4 4.8 4.8 6.25 No 13 Yes No
Ethylhexyl)phthalate
Di-n-octylphthalate 10 73 73 No 1/2 Yes No

Projects\Federal\Dod\Navy\60857.12 SUBA SE Bangor\Final rOD
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Table B-4. Selection of Chemicals of Concern from List of Detected Analytesin On-Base Groundwater
| Screening Concentrations |
EPA Region 9
EPA Region 3 PRG MTCA Max. >
Max Conc RBC Tap Water Method B Screening Detection Frequency
Chemical my/L ug/L mylL mylL Concentration? Frequency >5%7? COPC?

Acetone 1300 370 61 80 Yes 20/272 Yes Yes
Benzene 18000 0.36 0.39 1.51 Yes 170/279 Yes Yes
Benzoic acid 66 15000 15000 6400 No 3/20 Yes No
Bromodichloromethane 1 0.17 0.18 0.706 Yes 16/299 Yes Yes
2-Butanone 240 190 190 480 Yes 10/203 No No
Carbon disulfide 5 100 2.1 80 Yes 44/221 Yes Yes
Carbon tetrachloride 3.4 0.16 0.17 0.337 Yes 19/280 Yes Yes
Chloroethane 2 860 71 No 5/280 No No
Chloroform 3 0.15 0.16 7.17 Yes 62/280 Yes Yes
Chloromethane 9.9 1.4 15 3.37 Yes 6/280 No No
2-Chlorotoluene 51 12 12 16 Yes 177 No No
cis-1,2-Dichloroethene 4 6.1 6.1 8 No 5/280 No No
Dibromochloromethane 0.4 0.13 1 0.521 Yes 3/55 No No
1,3-Dibromoethane (EDB) 300 0.00075 0.00076 0.000515 Yes 27/280 Yes No
1,1-Dichloroethane 10 81 81 80 No 46/281 Yes Yes
1,1 Dichlorethene (DCE) 12 0.044 0.046 0.0729 Yes 35/280 Yes Yes
1,2-Dichloroethane(DCA) 2000 0.12 0.12 0.481 Yes 90/280 Yes No
1,2-Dichloropropane 9.7 0.16 0.16 0.643 Yes 32/280 Yes Yes
1,3-Dichlorobenzene 0.06 54 18 No 1/280 No No
1,4-Dichlorobenzene 1 0.44 0.47 1.82 Yes 13/281 No No
Ethylbenzene 1900 130 130 80 Yes 153/280 Yes Yes
2-Hexanone 120 290 16 64 Yes 2/203 No No
|sopropylbenzene 60 150 1.9 64 Yes 18/77 Yes Yes
|sopropyltoluene 16 150 1.9 6.4 Yes 3/77 No No
Methylene Chloride 240 4.1 4.3 5.83 Yes 24/279 Yes Yes
n-Propylbenzene 150 150 1.9 64 Yes 12/77 Yes Yes
sec-Butylbenzene 1 6.1 No 2177 No No
Styrene 3.5 161 160 1.46 Yes 2/280 No No
tert-Butylbenzene 49 6.1 Yes 1/77 No No
Tetrachloroethene (PCE) 1 11 11 0.858 Yes 12/282 No No
1,1,2,2-Tetrachloroethane 0.3 0.052 0.055 0.219 Yes 2/279 No No
Toluene 27000 75 72 160 Yes 143/280 Yes Yes
trans-1,2-Dichloreoethene 0.08 12 12 16 No 1/280 No No
Trichloroethene 7 1.6 1.6 3.98 Yes 15/280 Yes Yes
1,1,1-Trichloroethane 45 79 79 720 No 60/281 Yes No
1,1,2-Trichloroethane 27 0.19 0.2 0.768 Yes 30/280 Yes Yes
1,2,4-Trimethylbenzene 2800 30 Yes 23/77 Yes Yes
1,3,5-Trimethylbenzene 620 30 Yes 18/77 Yes Yes
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TableB-4. Selection of Chemicalsof Concern from List of Detected Analytesin On-Base Groundwater .
| Screening Concentrations
) EPA Region 9 Max. >
Max Conc. EPA|§|3e%|0n 3 T P\llqut MMt-rl;Cch Screening Detection Frequency
Chemical mylL gL aergll_a &r engloL Concentr ation? Frequency >50% COPC?
Vinyl chloride 0.4 0.019 0.02 0.023 Yes 2/280 No No
m-Xylene + p-Xylene 7700 1200 140 1600 Yes 2477 Yes Yes
o-Xylene 3600 140 140 1600 Yes 24/77 Yes Yes
Xylenes, total 12000 1200 140 1600 Yes 150/203 Yes Yes
Semivolatile Organic Compounds
Acenaphthene 18 220 37 96 No 2/93 No No
bis(2-Chloroethyl)ether 13 0.0092 0.0098 0.0398 Yes 11/93 Yes Yes
bis(2-Chloroisopropyl)ether 5 0.26 0.27 32 Yes 8/93 Yes Yes
bis(2-Ethylhexyl)phthal ate 1000 4.8 4.8 6.25 Yes 45/93 Yes Yes
Bromacil 69 No 39/90 Yes Yes
4-Chloro-3-methylphenol 6 18 18 8 No 1/93 No No
2-Chlorophenol 18 3.8 8 Yes 1/93 No No
Di-n-butylphthalate 370 370 160 No 8/93 Yes No
Diethylphthalate 2900 2900 1280 No 1/93 No No
2,4- Dimethylphenol 10 73 73 32 No 4/92 No No
Dimethylphthalate 1 37000 37000 1600 No 1/93 No No
Fluorene 41 150 24 64 Yes 1/93 No No
Isophorone 1 71 71 92.1 No 4/93 No No
4- Methyl-1-2-pentanone (M1BK) 98 290 16 64 Yes 2/203 No No
2- Methylnaphthalene 370 150 24 32 Yes 24/94 Yes Yes
2- Methylphenol 81 180 180 80 Yes 10/93 Yes Yes
4- Methylphenol 73 18 18 8 Yes 7/93 Yes Yes
Naphthalene 690 150 24 32 Yes 39/151 Yes Yes
Phenanthrene 42 110 18 48 Yes 1/93 No No
Phenol 49 2200 2200 960 No 17/94 Yes No
Pyrene 3 110 18 48 No 1/93 No No
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TableB-5. Selection of Chemicalsof Concern from List of Detected Analytesin On-Base Subsurface Soil.
Screening Concentrations |
EPA Region 9
PRG
Residential Res Soil Method B Max > Screening Detection Frequency
Chemical Max Conc. ma/kg mg/kg mg/kg Concentration? Frequency >5% COPC?
Acetone 0.68 780 210 8 No 13/25 Yes No
Benzene 0.46 22 0.63 0.151 Yes 2/25 Yes Yes
Benzoic acid 0.66 31000 100000 640 No 14 Yes No
2-Butanone (MEK) 0.055 4700 710 48 No 11/21 Yes No
Carbon disulfide 0.002 780 0.75 8 No 1/24 No No
Chloroform 0.001 100 0.25 0.717 No 1/25 No No
Ethylbenzene 21 780 230 8 Yes 2/25 Yes yes
Isopropyltoluene 0.7 310 1.9 6.4 No 2/14 Yes No
4-Methyl-2-pentanone (M1BK) 0.047 630 7 6.4 No 4/21 Yes No
Methylene Chloride 0.004 85 7.8 0.583 No 4/24 Yes No
Tetrachloroethene 0.003 12 5.4 0.0858 No 1/25 No No
Toluene 36 1600 79 16 Yes 6/25 Yes Yes
Xylenes, total 150 16000 320 160 No 7/21 Yes No
Semivolatile Organic Compounds
Anthracene 0.62 2300 5.7 48 No 1/20 Yes No
Benz(a)anthracene 0.23 0.88 0.61 0.0012 Yes 2/20 Yes Yes
Benzo(a)pyrene 0.12 0.088 0.061 0.0012 Yes 2/20 Yes Yes
Benzo(b)fluoranthene 0.15 0.88 0.61 0.0012 Yes 1/20 Yes Yes
Benzo(k)fluoranthene 0.048 8.8 0.61 0.0012 Yes 1/20 Yes Yes
Bis(2-Ethylhexyl)phthal ate 2.6 46 32 0.625 Yes 7/20 Yes Yes
Chrysene 0.29 88 6.1 0.0012 Yes 4/20 Yes Yes
Dibenzofuran 0.38 31 140 N/A No 1/20 No No
Fluranthene 0.93 310 260 6.4 No 3/20 Yes No
Fluorene 1.6 310 90 6.4 No 2/20 Yes No
2-Methylnapthalene 15 310 240 3.2 Yes 4/20 Yes Yes
Phenanthrene 25 230 100 4.8 No 4/24 Yes No
Phenol 0.33 4700 3900 96 No 2/20 Yes No
Pyrene 0.75 230 100 4.8 No 5/20 Yes No

Projects\Federal\Dod\Navy\60857.12 SUBA SE Bangor\Final rOD

B-6



OU 8 Record of Deciso, SUBASE Bangor
Contract No. N44255-94-D-7309, Delivery Order 12

Find

September 2000

TableB 6. Summary of Chemicals of Potential Concern of All Exposure Media

Chemical of Concern

Off-Base

On-Base

Surface Soil

Ground-
water

Plant Tissue

Animal

Seeps Air

Tissue

Subsurface
Soil

Ground- Air

water

Plant
Tissue

Animal
Tissue

Volatile Or

ganic Compounds

Acetone

T

T

T T

Benzene

T

T

T T

Bromodichloromethane

Carbon disulfide

Carbon tetrachloride

Chloroform

1,2-Dibromoethane (EDB)

1,2-Dichloroethane (DCA)

1,1-Dichloroethene (DCE)

1,2-Dichloropropane

—|-| -

—|4| -

—|4| -
—|4| -

Ethylbenzene

| sopropylbenzene

Methylene chloride

n-Propylbenzene

Toluene

1,1,2-Trichloroethane

Trichloroethene

1,2,4-Trimethylbenzene

1,3,5-Trimethylbenzene

m-Xylene + p-Xylene

o-Xylene

Xylenes, total

R e R e e e e

R R e e e

R e R e e e e

R R R e e e e

Semivolatile

Organic Compound

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

bis(2-chloroethyl)ether

S EEE

bis(2-
Chloroisopropyl)ether

[ [ ===

bis(2-Ethylhexyl)phthalate

—

Bromacil

Chrysene

—|-[
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TableB-6. Summary of Chemicals of Potential Concern in All Exposure Media.
Off-Base On-Base
i Ground- Plant Animal | Subsurface | Ground- Plant Animal
Chemical of Concern Surface Soil Seeps Air Air
water Tissue Tissue Soil water Tissue Tissue
2-Methylnapthalene T T T T T
4-Methylphenol T T T T T T T T
2-Methylphenol T T T T
Naphthalene T T T T

Note: COPC list includes both measured and modeled COPC for each environmental medium.
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TableB-7. Summary Statistic for Chemicals of Potential Concern in Off-Base Groundwater.
Chemical of Concern Frequency Range of Arithmetic 95 UCLM
Detected Detection Mean (Fg/kQg) (Falkg)
(Fg/kg)
Volatile Organic Compound
Acetone 6/45 2.5-240 9.16 18.05
Benzene 28/117 0.03-1700 33.68 62.62
Chloroform 23/117 0.005-45 192 312
1,2-Dichloroethane (DCA) 25/116 0.05-420 19.35 3115
1,1-Dichloroethene (DCE) 11/116 0.1-20 103 155
1,2-Dichloropropane 11117 0.05-27 146 217
1,1,2-Trichloroethane 11117 0.05-57 273 4.20
Semivolatile Organic Compounds
Bis(2-chloroethyl)ether 1/8 258 3.19 450
Bis(2-ethylhexyl)phthalate 3/8 1-28 869 70.73*

*95UCLM value exceeds highest measured value

TableB-8. Summary Statisticsfor Chemicals of Potential Concer n in Off-Base Surface Soils (i.e.,Sediments).

Chemical of Frequency Range of Detection | Arithmetic Mean 95UCLM
Concern Detected (Falkg) (Falkg) (Fa/kg)
Semivolatile Or ganic Compound
4-Methylphenol 1/2 190-990 95 3115*

*95UCLM exceeds highest measured value.
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TableB-9. Summary Statisticsfor Chemicals of Concern in On-Base Groundwater .

Chemical of Concern Frequency Range of Detection Arithmetic Mean 95 UCLM

Detected (Fa/kg) (Fa/kg) (Fa/kg)
Volatile Organic Compound
Acetone 201272 2-1300 49.13 64.95
Benzene 170/279 0.02-18000 528.02 2016.19
Bromodichloromethane 16/229 0.05-250 837 11.23
Carbon Disulfide 44/221 0.01-250 11.24 14.75
Carbon Tetrachloride 19/280 0.08-250 7.96 10.62
Chloroform 62/280 0.02-250 26.84 10.29
1,2-Dibromoethane (EDB) 27/280 0.03-300 8.69 12.02
1,2-Dichlorethane (DCA) 90/280 0.05-2000 103.25 386.17
1,1-Dichloroethene (DCE) 35/280 0.02-250 7.95 10.60
1,2-Dichloropropane 32/280 0.05-250 7.86 1051
Ethylbenzene 153/280 0.02-1900 94.36 194.26
| sopropylbenzene 18/77 0.1-60 5.06 7.60
Methylene Chloride 241279 0.02-240 10.16 1350
n-Propylbenzene 12/77 0.1-150 753 12.16
Toluene 143/280 0.005-27000 671.50 10661.34
1,1,2-Trichloroethane 30/280 0.05-250 853 11.19
Trichloroethene 15/280 0.03-250 7.80 10.46
1,2,4-Trimethylbenzene 23/77 0.1-2800 15531 634.95
1,3,5-Trimethylbenzene 18/77 0.1-620 4334 69.79
m-Xylene + p-Xylene 24(77 0.15-7700 390.52 212221
o-Xylene 24/77 0.1-3600 201.75 843.09
Xylenes, total 150/203 0.005-12000 400.76 3320.00
Semivolatile Organic Compounds

bis(2-Chloroisopropy!)ether 8/93 1-25 330 402
bis(2-ethylhexyl)phthal ate 45/93 0.05-1000 229 4093
bis(2-chloroethyl)ether 11/93 1-25 355 430
Bromacil 39/90 1-69 15.92 2248
2-Methylnaphthalene 24/94 0.5-370 16.82 25.88
4-Methylphenol 7/93 1573 398 541
2-Methylphenol 10/93 181 4.86 6.69
Naphthalene 39/151 0.5-690 38.90 55.28
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TableB-10. Summary Statisticsfor Chemicals of Potential Concern in On-Base Subsurface Sails.

Chemical of Concern Frequency Range of Detection Arithmetic 9B UCLM
Detected (Fa/kg) Mean (Fg/kg) (Fa/kg)
Volatile Organic Compound
Benzene 2/25 0.3-650 30.73 74.92
Ethylbenzene 2125 0.45-650 3194 75.34
Toluene 6/25 0.35-650 30.02 74.26
Semivolatile Organic Compounds
Benz(a)anthracene 2120 20.5-1800 298.78 769.87
Benzo(a)pyrene 2/20 21.5-1800 330.93 1086.96
Benzo(b)fluoranthene 1/20 18.5-1800 338.80 1050.21
Benzo(k)fluoranthene 1/20 14-1800 337.80 1285.63
bis(2-ethylhexyl)phthal ate 7120 5.5-1600 3085 12838.00
Chrysene 4/20 23-1800 30168 712.23
2-Methylnaphthalene 4/20 20-6400 637.78 173464
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APPENDIX C

1998/99 Risk Assessment
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Table C-1. Selection of Chemicals of Concern from List of Detections Off-Base Groundwater .
Screening Concentrations
EPA
EPA Region 9 PRG MTCA
Max Conc. Region 3 RBC Tap Water Method B Detection
Chemical ug/L ug/L ug/L ug/L Max > RCB? Frequency Freq. > 5% COPC?
Volatile Organic Compounds
Acetone 11 379 61 80 No 3 |/ 36 Yes No
Benzene 76 0.36 0.39 151 Yes 23 |/ 36 Yes Yes
Carbon tetrachloride 18 0.16 0.17 0.337 Yes 32 | 36 Yes Yes
Chloroethane 0.45 860 71 -- No 3 / 36 Yes No
Chloroform 2.3 0.15 0.16 717 Yes 28 | 36 Yes Yes
Chloromethane 10 14 15 3.37 Yes 32 |/ 36 Yes Yes
cis-1,2,-Dichloroethene 0.28 6.1 6.1 8 No 2 [ 36 Yes No
1,1-Dichloroethane 2.8 81 81 80 No 9 [/ 36 Yes No
1,2,-Dichloroethane 270 0.12 0.12 0.481 Yes 6 / 36 Yes Yes
1,1-Dichloroethane 16 0.046 0.046 0.0729 Yes 27 | 36 Yes Yes
1,2-Dichloropropane 12 0.16 0.16 0.643 Yes 25 |/ 36 Yes Yes
Methylene Chloride 9.8 41 4.3 5.83 Yes 2 | 36 Yes Yes
Toluene 0.38 75 72 160 No 7 | 36 Yes No
trans-1,2-Dichloroethene 0.13 12 12 16 No 2 | 36 Yes No
1,1,2- Trichloroethane 34 0.19 0.2 0.768 Yes 23 | 36 Yes Yes
1,1,1-Trichloroethane 55 79 79 720 No 9 [/ 36 Yes No
Trichloroethene 25 16 16 3.98 Yes 27 | 36 Yes Yes
Vinyl chloride 0.25 0.019 0.02 0.023 Yes 31 / 36 Yes Yes
m-Xylene + p-Xylene 0.26 1200 140 1600 No 3 / 36 Yes No
Xylenes, total 0.26 1200 140 1600 No 3 |/ 36 Yes No
Semivolatile Organic Compounds
bis(2-Chloroethyl)ether 8 0.0092 0.0098 0.0398 Yes 1/4 Yes Yes
bis(2-Ethylhexyl)phthal ate 1 4.8 4.8 6.25 No 2/4 Yes No

Notes: -- Screening concentration for chemical is not listed.
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Table C-2. Summary of Chemical of Potential Concern in Off-Base Groundwater .

Range of Detection Arithmetic Mean 95 UCML
Chemical of Concern Frequency Detected (ugll) (ug/lL) (ug/lL)
Volatile Organic Compounds
Benzene 23/ 36 0.16- 76 3.8 3.0
Carbon tetrachloride 32/36 012-18 0.5 0.6
Chloroform 28 /36 0.12-23 0.5 0.6
Chloromethane 32/36 0.44-10 1.0 1.0
1,2-Dichloroethane 16/ 36 0.17- 270 215 72.6
1,1-Dichloroethene 27136 0.39- 16 13 12
1,2-Dichloropropane 25/36 0.13-12 14 16
Methylene chloride 22136 0.10-9.8 11 17
1,1,2-Trichloroethane 23/ 36 0.24-34 33 3.6
Trichloroethene 27136 0.18-25 0.5 0.6
Vinyl chloride 31/36 0.11-0.25 0.5 0.5
Semivolatile Organic Compounds

bis(2-Chloroethyl)ether 1 /| 4 | 8-8 8 8
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Table C-3. Summary Statistics for Chemicals of Potential Concern in Off-Base Groundwater .
Total M ean of Standard RME
Chemical Sample Min Max | Distribution | Distribution | Deviation 95UCLM (95UCL M) RME (Max) AVG
(ug) | (uglL) (uglL) (uglL) (uglL) (uglL)
Volatile Organic Compounds
Benzene 36 0.16 76 1.75 L 133 3.0 3.0 76 1.7
Carbon tetrachloride 36 0.12 18 0.55 L 0.2 0.6 0.6 18 0.5
Chloroform 36 0.12 2.3 0.50 L 0.3 0.6 0.6 2.3 0.5
Chloromethane 36 0.44 10 0.76 L 2.2 1.0 1.0 10 0.8
1,2-Dichloroethane 36 0.17 270 19.35 L 52.8 72.6 72.6 270 194
1,1-Dichloroethene 36 0.39 16 0.90 L 2.9 1.2 1.2 16 0/9
1,2-Dichloropropane 36 0.13 12 111 L 2.7 16 16 12 11
Methylene chloride 36 0.1 9.8 1.15 L 16 1.7 1.7 9.8 11
1,1,2-Trichloroethene 36 0.24 34 2.02 L 8.0 3.6 3.6 34 2.0
Trichloroethene 36 0.18 25 051 L 04 0.6 0.6 25 05
Vinyl chloride 36 0.11 0.25 0.47 L 0.1 0.5 0.5 0.3 0.5
Semivolatile Organic Compounds
bis(2-Chloroethyl)ether | 4 8 8 8 - 0 8 8 8 8
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Derivation of Cleanup Levelsfor Chemicals of Concern in Groundwater
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Table D-1. Derivation of Cleanup Levelsfor Chemicals of Concern in Groundwater .

Media: Groundwater
Attainment Area (Initial Cleanup Goal): Off-base Shallow Aquifer
Attainment Area (Groundwater Restoration Goal): Site-Wide Groundwater

Available Use: Residentidl

Controls to Ensure Restricted Use (if applicable): Public water supply has been provided to impacted

property owners.

Chemical-Specific ARARs for COCs
(Cleanup Levels are shown Bold & Shaded)
MCL meets Practical

MTCA Method MCL3 MTCA Risk Quantitation

Chemical of Concernt CAS Number B2 (ug/L) (ug/L) Standard?4 Limits (ug/L)
Benzene 71-43-2 151 5 Yes 5
1,2-Dibromoethane (EDB) 106-93-4 0.000515 0.05 No 5
1,2-Dichloroethane (DCA) 107-06-2 0481 5 Yes 5
1,1-Dichloroethene (DCE) 75-35-4 0.0729 7 No 5
Toluene 108-88-3 1600 1000 Yes 5

CAS - Chemical Abstract Service
1- Chemica of Concerns were determined using the maximum detected concentrations during the 1999
groundwater sampling events.

2 - State of Washington Mode Toxics Control Act (MTCA) Cleanup Regulation (WAC 173-340-720 [3])
3 - Maximum Contaminant Levels (MCLSs) under promulgation of the Safe Drinking Water Act (SDWA)

4 - Per MTCA Cleanup Levels and Risk Calculation (CLARC 1) February 1996 “Notes on MCL Table,”
MCLs are only usable as a cleanup standard if when used in the MTCA Method B equations, they result
in risks that meet the MTCA standards of 1 x 10-5 excess cancer risk and hazard quotient (HQ) of 1.0.
5 - Ecology Implementation Memo #3 of November 24, 1993.
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